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El presente proyecto aplicado tiene como objetivo principal la elaboración de un nuevo acero 
realizando una caracterización del comportamiento de las propiedades mecánicas de resistencia a 
la tracción y dureza del acero con aplicaciones industriales diversas al variar únicamente el 
porcentaje de Carbono. La elaboración de este acero surge debido a la necesidad de satisfacer a 
la industria actual de materiales nacionales que cumplan con criterios de calidad y durabilidad 
similares a los materiales importados, los cuales son los que se utilizan comercialmente y 
representan altos costos en su adquisición. Él estudio partió de realizar una caracterización 
experimental de un acero importado que es muy utilizado industrialmente; el cual es con el que 
se encuentran fabricados los dientes de pala para retroexcavadora. Las pruebas experimentales de 
este material como la composición química, la dureza y resistencia a la tracción fueron tomadas 
como referencia para la elaboración del nuevo acero. Teniendo los resultados de la 
caracterización experimental, se procedió a realizar la formulación del nuevo acero realizando la 
variación de un solo factor; el porcentaje de Carbono. Una vez formulado el material, se efectuó 
un análisis técnico aplicando el análisis de varianza y sus resultados en cada nivel de los 
diferentes porcentajes de Carbono. Los datos obtenidos demuestran que la variación en el 
porcentaje de Carbono es el factor preponderante en la determinación de las características de 
dureza y resistencia a la tracción. En consecuencia, el nuevo acero formulado tiene 
características similares a las del acero importado y se plantea que su fabricación tenga  
aplicaciones industriales de uso metalmecánico y minero. 
 
     Palabras Clave: Diente para retroexcavadora, Acero, Resistencia a la tracción, Dureza, 
Metalografía, varianza, diagrama Hierro Carbono, Variación de un solo factor, Elementos 








                                             
 





The main objective of this applied project is the development of a new steel, characterizing the 
behavior of the mechanical properties of tensile strength and hardness of steel with diverse 
industrial applications by varying only the percentage of Carbon. The development of this steel 
arises due to the need to satisfy the current industry of domestic materials that meet criteria of 
quality and durability similar to imported materials, which are those that are used commercially 
and represent high costs in their acquisition. He studied from an experimental characterization of 
an imported steel that is widely used industrially; which is the one with which the backhoe loader 
teeth are manufactured. The experimental tests of this material such as chemical composition, 
hardness and tensile strength were taken as reference for the development of the new steel. 
Taking the results of the experimental characterization, we proceeded to make the formulation of 
the new steel making the variation of a single factor; the percentage of Carbon. Once the material 
was formulated, a technical analysis was carried out applying the analysis of variance and its 
results in each level of the different percentages of Carbon. The data obtained show that the 
variation in the percentage of Carbon is the predominant factor in the determination of hardness 
and tensile strength characteristics. Consequently, the new formulated steel has characteristics 
similar to those of imported steel and it is proposed that its manufacture has industrial 




     Key words: Backhoe tooth, Steel, Tensile strength, Hardness, Metallography, variance, 




                                             
 





           El desarrollo de nuevos materiales hoy día centra una particular atención, debido a los 
grandes consumos de acero a nivel industrial. La industria en general usa muchos aceros para 
diferentes procesos de producción,  en este estudio se busca elaborar un nuevo acero reformulado 
a partir del acero importado con el cual están fabricados los dientes de pala para retroexcavadora.    
En este proyecto aplicado se realizaron ensayos de análisis de la composición química,  de la 
dureza, de la resistencia a la tracción y la estructura metalográfica de dientes importados para así 
tener la información técnica como patrón de las características químicas y mecánicas con las 
cuales está elaborado este tipo de acero procediendo a realizar un experimento con un solo factor 
en la composición química variando el porcentaje de Carbono, para obtener una dureza una 
resistencia a la tracción y una estructura metalográfica de las probetas del acero nuevo obtenidas 
de materia prima nacional y realizar los respectivos análisis de los datos obtenidos producto de la 
variación en el contenido de Carbono. 
 
           Los análisis se realizaron en el laboratorio de ensayos físicos y químicos de Indumil 
Sogamoso donde se cuenta con un Espectrómetro de emisión óptica de chispa para el análisis de 
los elementos químicos en porcentaje; un Durómetro universal para las durezas en escala 
Rockwell C, un microscopio para la estructura metalográfica y una maquina universal de ensayos 
para la resistencia a la tracción en Kgf/mm2. 
 
           La idea principal es aprovechar esta información técnica obtenida de este estudio y 
proponer la implementación de este acero y su posible aplicación en otros tipos de repuestos de 
equipos que se utilizan en diferentes tipos de industrias. 
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1.  DEFINICIÓN DEL PROBLEMA. 
 
1.1.   Planteamiento Del Problema. 
 
 Muchas de las piezas de acero utilizadas dentro de los procesos operativos de numerosas 
industrias, como las manufactureras o mineras son importadas y su desgaste  natural con el uso y 
el tiempo, plantean una reposición de las mismas, lo cual supone costos que pueden ser llegar a 
ser considerablemente superiores, al incluir los aranceles de importación.  
 
 El presente proyecto aplicado pretende obtener la formulación de un nuevo acero que 
potencialmente permita sustituir el uso de piezas importadas, como los dientes de pala para 
retroexcavadora, planteando la posibilidad de fabricarlas de forma local. 
            Como metodología, en primer lugar fue realizada una caracterización experimental de la 
composición química, dureza y resistencia a la tracción de un acero importado para 
posteriormente proceder con la formulación del nuevo acero, variando un único factor, el 
porcentaje de Carbono, el cual es el factor preponderante para la obtención de buenas 








                                             
 




 La justificación del presente proyecto aplicado radica en la  necesidad de desarrollar 
nuevos materiales a partir de materiales conocidos  variando un solo factor el porcentaje de 
Carbono para obtener las nuevas propiedades físicas y mecánicas. 
 
           Al efectuar la variación en el porcentaje de Carbono se verificó que este elemento 
químico afecta las propiedades físicas y mecánicas del acero facilitando reformular un patrón y 
se sometió a ensayos de resistencia a la tracción y dureza obteniendo datos de esas características 
con mejor comportamiento en estas propiedades.  
 
           Este estudio sirve como soporte valioso para poder adelantar gran cantidad de  
investigaciones de aceros utilizados en las diferentes industrias y que por lo general son 
importados y que se les puedan variar el porcentaje de Carbono, sabiendo que los datos 
obtenidos y registrados en este proyecto son el soporte técnico que se pueden mejorar las 
propiedades mecánicas del acero importado y llegar a producir este acero para muchas 
utilizaciones en la industria donde se necesita que sea de buen rendimiento beneficiando a los 











                                             
 





3.1.     Objetivo General. 
 
           Caracterizar, mediante ensayos de características físicas y químicas de los dientes de pala 
importados para retroexcavadora, con el ánimo de formular un estudio donde se evaluará el 
comportamiento de las propiedades mecánicas de un acero, con aplicaciones industriales 
diversas, variando únicamente el porcentaje de Carbono. 
 
3.2.      Objetivos Específicos. 
 
• Determinar las  características químicas y físicas  de los dientes importados  para poder 
tener un patrón de referencia de este acero. 
 
• Establecer una nueva variación en la composición química en el porcentaje de Carbono 
de las probetas a ensayar con este tipo de acero de nueva formulación. 
 
• Obtener los datos resultados de los ensayos objeto de este experimento  de la variación de 
un solo factor el porcentaje de Carbono para verificar su incidencia en las propiedades  
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4. MARCO REFERENCIAL. 
 
           4.1   Elementos químicos contenidos en % de los aceros. 
 
           Se da el nombre de aceros aleados a los aceros que además de los cinco elementos: 
Carbono, Silicio, Manganeso, Fósforo y Azufre, contienen también cantidades relativamente 
importantes de otros elementos como el cromo, níquel, molibdeno, cobre etc., que sirven para 
mejorar alguna de sus características fundamentales. También puede considerarse aceros aleados 
los que contienen alguno de los cuatro elementos diferentes del carbono que antes hemos citado, 
en mayor cantidad que los porcentajes que normalmente suelen contener los aceros al carbono. 
 
           La influencia que ejercen esos elementos químicos es muy variada, y, empleados en 
proporciones convenientes, se obtienen aceros con ciertas características que, en cambio, no se 
pueden alcanzar con los aceros ordinarios al carbono. 
 
           4.2.   Influencia en los aceros de los elementos químicos. 
                    
           4.2.1.  Níquel.  
      Una de las ventajas más grandes que reporta el empleo del níquel, es evitar el crecimiento del 
grano en los tratamientos térmicos, lo que sirve para producir en ellos gran tenacidad. El níquel 
además hace descender los puntos críticos y por ello los tratamientos pueden hacerse a 
temperaturas ligeramente más bajas que la que corresponde a los aceros ordinarios. (Biltra, 2017) 
          4.2.2.  Cromo.  
      Es uno de los elementos especiales más empleados para la fabricación de aceros aleados, 
usándose indistintamente en los aceros de construcción, en los de herramientas, en los 
inoxidables y los de resistencia en caliente. Se emplea en cantidades diversas desde 0.30 a 30, 
según los casos y sirve para aumentar la dureza y la resistencia a la tracción de los aceros, mejora 
la templabilidad, impide las deformaciones en el temple, aumenta la resistencia al desgaste, la 
inoxidabilidad, etc. (Biltra, 2017)  
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           4.2.3  Molibdeno.  
       Mejora notablemente la resistencia a la tracción, la templabilidad y la resistencia  de los 
aceros. Añadiendo solo pequeñas cantidades de molibdeno a los aceros cromo-níqueles, se 
disminuye o elimina casi completamente la fragilidad, que se presenta cuando estos aceros son 
revenidos en la zona de 450º a 550º. (Biltra, 2017) 
           4.2.4.  Manganeso. 
      Aparece prácticamente en todos los aceros, debido, principalmente, a que se añade como 
elemento de adición para neutralizar la perniciosa influencia del azufre y del oxígeno, que 
siempre suelen contener los aceros cuando se encuentran en estado líquido en los hornos durante 
los procesos de fabricación. El manganeso actúa también como desoxidante y evita, en parte, que 
en la solidificación del acero que se desprendan gases que den lugar a porosidades perjudiciales 
en el material. (CAP, 2000) 
           4.2.5. Silicio. 
      Este elemento aparece en todos los aceros, lo mismo que el manganeso, porque se añade 
intencionadamente durante el proceso de fabricación. Se emplea como elemento desoxidante 
complementario del manganeso con objeto de evitar que aparezcan en el acero los poros y otros 
defectos internos. Los aceros pueden tener porcentajes de 0.20 a 0.34% de Si. (CAP, 2000)  
           4.2.6.  Azufre. 
      Normalmente es una impureza y se mantiene a un bajo nivel. Sin embargo, alguna veces se 
agrega intencionalmente en grandes cantidades (0,06 a 0,30%) fácil mecanizado  (habilidad para 
ser trabajado mediante cortes) de los aceros de aleación y al carbono. (CAP, 2000) 
           4.2.7.  Fósforo. 
      Incrementa la resistencia y reduce la ductilidad de la ferrita. Aumenta la brillantez. Este 
elemento, en cantidades superiores al 0.004%, disminuye todas las propiedades mecánicas del 
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acero. Molibdeno: Formador de carburos, reduce el crecimiento del grano, mejora la resistencia 
al desgaste y la capacidad de conservar la dureza a temperaturas altas. (CAP, 2000) 
 
           4.2.8.  Carbono.  
      Es el elemento que tiene más influencia en el comportamiento del acero; al aumentar el 
porcentaje de carbono, mejora la resistencia mecánica, la Templabilidad y disminuye la 
ductilidad. (Biltra, 2017). El acero al carbono, constituye el principal producto de los aceros que 
se producen, estimando que un 90% de la producción total producida mundialmente corresponde 
a aceros al carbono y el 10% restante son aceros aleados.  La composición química de los aceros 
al carbono es compleja, además del hierro y el carbono que no supera el 2%, hay en la aleación 
otros elementos necesarios para su producción, tales como silicio y manganeso, y hay otros que 
se consideran impurezas por la dificultad de excluirlos totalmente como el azufre, fósforo, 
oxígeno, hidrógeno. El aumento del contenido de carbono en el acero eleva su resistencia a la 
tracción y su dureza, incrementa el índice de fragilidad en frío y hace que disminuya la tenacidad 
y la ductilidad. (2013) 
 
           4.3.      Diagrama Hierro  – Carbono (Fe-C) 
 
           Para el estudio de las estructuras de los aceros industriales se necesita, en primer 
lugar, conocer y manejar con soltura el diagrama hierro-carbono, que se muestra en la (Figura 1). 
Esta figura representa en realidad dos diagramas, el meta estable hierro-carbono y el diagrama 
estable hierro-grafito. La cementita no es una fase estable, aunque dada la lentitud de su 
transformación, el diagrama meta estable es el que tiene un mayor interés práctico para el estudio 
de los aceros. El diagrama estable hierro-grafito solo tiene interés en el estudio de las fundiciones 
al silicio. (Universidad Tecnológica de Pereira, 2012) 
           En el diagrama de fase de Hierro – Carbono se observan las formas alotrópicas del hierro 
sólido, BCC y FCC, a distintas temperaturas. (Figura 1) 
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           4.3.1.  Hierro alfa (α)  
 
      Su estructura cristalina es BCC con una distancia  interatómica de 2.86 Å. Su temperatura va 
desde 0ºC - 910ºC, es relativamente blanda, prácticamente no disuelve en carbono. 
 
          4.3.2.  Hierro gamma (γ) 
 
      También conocida como Austenita. Se presenta de 723 ºC a 1492 ºC. Cristaliza en la 
estructura cristalizada FCC con mayor volumen que la estructura hierro alfa, disuelve fácilmente 
en carbono (más deformable que la ferrita). 
           Sus propiedades mecánicas dependen del contenido de carbono, pero podríamos dar como 
valores medios representativos: Una dureza de 300 HB (Dureza Brinell), una carga de rotura de 
900 MPa (Mega páscales) a 1100 MPa y alargamientos entre 30 y 60%. (UTP, 2012) 
 
           4.3.3.  Hierro delta (δ) 
 
      Está localizada desde 1400 ºC y presenta una reducción en la distancia interatómica que la 
hace retornar a una estructura cristalina BCC. Su máxima solubilidad de carbono es 0.08% a 
1492 ºC. No posee una importancia industrial relevante. A partir de 1539 ºC se inicia la fusión 
del Hierro puro. 
           Tomando como base el diagrama meta estable hierro-carbono, se denominan aceros a 
las aleaciones binarias con contenidos en carbono menor que 1,76%, mientras las fundiciones de 
hierro tienen contenidos en carbono superiores a 1,76% (hasta aproximadamente 6,67%). Este 
diagrama muestra con claridad el comportamiento fuertemente gammáge no del carbono: la 
adición de carbono al hierro γ aumenta el dominio térmico de estabilidad de la Austenita. (2017). 
Así, por ejemplo, la temperatura de transformación del hierro γ en hierro α aumenta hasta 
1492°C para un contenido en carbono del 0.18% (punto peritéctico del diagrama), mientras que 
la de la transformación de la Austenita en ferrita disminuye hasta 723°C para la aleación 
con 0.89% de carbono. El diagrama meta estable hierro-carbono muestra tres puntos invariantes 
característicos. (Figura1) 
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           4.3.4.  Punto peritéctico. 
 
      (1492°C): Fase líquida (0.4%C) + Fe δ (0.08%C) —>Fe γ (0.18% C) 
 
           4.3.5.  Punto eutéctico. 
 
      (1130°C): Fase líquida (4.3%C) –>Austenita (1,76%C)+Fe3C (6.67%C) 
 
           4.3.6.   Punto eutectoide. 
 
      (723°C): Austenita (0.89%C) –> Ferrita (0.025%C) + Fe3C (6.67%C) 
Las líneas que delimitan las diferentes regiones del diagrama hierro-carbono identifican las 
situaciones en las que tienen lugar cambios estructurales: Las temperaturas de transformación se 
denominan temperaturas críticas, existen tres temperaturas de especial interés: A1, A3 Y Acm. 
Las temperaturas A1 y A3 son las que respectivamente representan el inicio y el final de la 
transformación de la Austenita desde el dominio donde están presentes las fases ferrita y 
cementita, mientras que se llama temperatura Acm a aquella que separa el dominio de estabilidad 
de la Austenita de la zona bifásica austenita+cementita. Dado que estas transformaciones no 
ocurren exactamente a la misma temperatura al calentar y al enfriar, se denotan a veces como Ar 
o Ac para describir la transformación en el enfriamiento y calentamiento respectivamente. (UTP, 
2012) 
           El carbono se puede encontrar en las aleaciones hierro-carbono, tanto en estado ligado 
(Fe3C),como  en  estado  libre  (C,  es  decir,  grafito),  por  eso,  el  diagrama comprende dos 
sistemas: 
 
           4.3.7.  Fe-Fe3C  (metalestable) 
 
      Este sistema está representado en el diagrama con líneas llenas gruesas y comprende aceros y 
fundiciones blancas, o sea, las aleaciones con el carbono ligado, sin carbono libre (grafito). 
 
           4.3.8  Fe-C  (estable) 
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      En el diagrama se representa con líneas punteadas; este sistema expone el esquema de 
formación de las estructuras en las fundiciones grises y atruchadas donde el carbono se encuentra 
total o parcialmente en estado libre (grafito). 
           Para estudiar las transformaciones que tienen lugar en aceros y fundiciones blancas se 
emplea el diagrama Fe-Fe3C, y para estudiar fundiciones grises, ambos diagramas (Fe-Fe3C y 
Fe-C). (UTP, 2012). El carbono puede presentarse en tres formas distintas en las aleaciones Fe-
C: En solución intersticial; Como carburo de hierro; Como carbono libre o grafito. 
 
           4.4      Fases Del Diagrama Hierro Carbono. 
 
           4.4.1.  Fase Austenítica (0% hasta 1,76% C). 
 
      La Austenita es el micro constituyente más denso de los aceros y está formado por una 
solución sólida por inserción de carbono en hierro gamma, como lo muestra la (Figura 1). La 
cantidad de carbono disuelto, varía de 0% a 1,76%, que es la máxima solubilidad de carbono en 
esta fase a temperaturas de 1130 °C. La Austenita no es estable a la temperatura ambiente pero 
existen algunos aceros al cromo-níquel denominados austeníticos cuya estructura es Austenita a 
temperatura ambiente. (Figura1) (UTP, 2012). La Austenita tiene las siguientes características: 
• Baja temperatura de fusión,  
• buena tenacidad  y excelente soldabilidad. 
 
           4.4.2.  Zona de trabajo de este proyecto según el diagrama Hierro Carbono.  
 
      De acuerdo al ensayo del porcentaje de carbono de la muestra original que es de 0,4 según  
flecha de color azul     en la (Figura 1). 
           La región de trabajo de la mezcla de este proyecto de la variación de un solo factor el 
porcentaje de carbono, se señala con flechas y sombra naranja       en el diagrama hierro carbono 
(Figura 1). La zona donde trabajamos este proyecto en el intervalo de 0,3% de C hasta 0,5% de 
C.; es un acero hipoeutectoide estos aceros  según el Diagrama hierro - carbono tienen un 
contenido de Carbono inferior al  (0,77 % de C). (Revista de Ingeniería UC, 2012) 
                                             
 




Figura 1. Diagrama  de fases Hierro – Carbono que muestra la relación entre equilibrios estables de 
Hierro – Grafito (líneas discontinuas) y las reacciones meta estables de Hierro – Cementita (líneas 
continuas). (UTP, 2012) 
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           4.5.      Ficha Técnica del diente para retroexcavadora. 
 
           4.5.1.  Características. 
 
      Los dientes de pala y adaptadores diferentes que se usan en retroexcavadoras, excavadoras, 
cargadores y motoniveladoras, tienen tantas aplicaciones diferentes que hay que tener en cuenta 
las diferentes condiciones del terreno que hay que considerar. Se necesita una gran variedad  para 
mantener las líneas productivas a tantas máquinas. John Deere o CAT tienen la selección 
necesaria por ser líderes a nivel mundial en este tipo de repuestos y maquinaria. (Deere, 2017).Se 
caracterizan por:  
           Ser adaptables a retro-cargadoras mixtas (CAT 910, 931, 933 y 941) y JCB 3CX. 
Los dientes de pala y los porta - dientes son fabricados  en  acero de composición especial  
(acero anti-desgaste al Cromo-Molibdeno).como uno de los  materiales más usados en la 
fabricación de este tipo de repuestos dientes de pala, Poseen una dureza de 30 - 40 HRC. 
           El diente se monta en la porta-diente soldada en la cuchara retro-cargadora y se fija 
mediante chaveta metálica y goma. 
 
Figura 2. Diente para retroexcavadora. (Deere, 2017) 
 
           4.5.2.  Ventajas. 
 
      Material resistente al desgaste, Fácil montaje. 
 
           4.5.3.  Beneficios. 
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      La calidad del material anti desgasté debe ser un estatus de calidad, mediante este proyecto se 
pretende alargar la vida útil y disminuir la frecuencia de su cambio producto de variación de un 
solo factor del porcentaje de Carbono para mejorar propiedades físico mecánicas. (Wurth, 2017) 
 
           4.6.    Espectrometría de emisión atómica. 
 
           Es un método estándar para el análisis de muestras metálicas, de gran uso en fabricación y 
control de la producción siderúrgica. Se basa en la obtención de chispas entre dos electrodos, lo 
que produce un plasma de vapor en el cátodo, de una temperatura mayor de 10000 ºK. Esta 
técnica es rápida y simultánea de muchos elementos químicos en aleaciones, incluye elementos 
ligeros como C, Si, Mn, S, Cr, Ni, Mo y P, es complementaria con la espectrometría de  rayos X. 
(Universidad Politécnica de Cartagena, 2017) 
    
            4.6.1.   Secuencia de eventos para análisis espectro químico.  
 
• Excitación del Átomo Elemental - Energía  
• Transmisión de Energía al átomo  
• Liberación de fotones del átomo Elemental  
• Recolección de Fotones  
• Separación de Longitudes de Onda Elementales  
• Medición de la intensidad del elemento  
 
            4.6.2.  Por que gas argón y no Aire. 
 
• Elemento Químico con Numero Atómico No.18  
• Argón es un gas atómico de espectro muy sencillo,  es inerte y no forma  compuesto 
químico con la muestra vaporizada.  
• Argón tiene un potencial de ionización muy bajo.  
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• Argón alta pureza (99.9999%).  
• Argón transmite longitudes de onda por debajo de 200nm. (C = 193.1nm)  
• Emisión muy baja de ruido de fondo.  
• Procesamiento de datos convierte Intensidades a concentración en %. 
 
           4.6.3.  Calibración de un instrumento analítico.  
 
 
      Solamente mediante una calibración un instrumento se convierte en un instrumento analítico, 
de tal forma que los elementos químicos puedan ser medidos en concentraciones. 
 
 
           4.7.    Resistencia a la Tracción. 
 
           La resistencia a la tracción (UTS), a menudo abreviado como resistencia a la tracción (TS) 
o resistencia a la rotura, es la tensión máxima que un material puede soportar, mientras se estira 
antes de fracturarse, que es cuando la muestra de la sección transversal empieza  
significativamente a estirarse. Resistencia a la tracción es lo contrario de resistencia a la 
compresión con valores muy diferentes. 
 
           La resistencia a la tracción rara vez se utilizan en el diseño de los elementos dúctiles, pero 
que son importantes para los miembros frágiles. Se tabulan para los materiales comunes, como 
las aleaciones, materiales compuestos, cerámica, plásticos y madera. Resistencia a la tracción se 
define como una tensión, que se mide como la fuerza por unidad de área. Para algunos materiales 
no homogéneos (o de los componentes montados) se puede dar cuenta sólo como una fuerza o 
como una fuerza por unidad de longitud. En el sistema SI, la unidad es pascal (Pa) o, 
equivalentemente, newton por metro cuadrado (N/m²). La unidad habitual es libras de presión 
por pulgada cuadrada (lbf/in² o psi) o kilo-libras por pulgada cuadrada (ksi), que es igual a 1000 
psi, kilo-libras por pulgada cuadrada son comúnmente utilizados para la medición de la tensión. 
(2017) 
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           4.8.   Dureza. 
 
           La dureza de un material puede definirse como "la resistencia que el material exhibe 
contra la deformación permanente ocasionada por la penetración de otro material de mayor 
dureza". La dureza no es una propiedad fundamental de un material y su valor cuantitativo 
debería evaluarse siempre en relación a: 
· una carga dada en un penetrador. 
· un perfil de tiempo de carga específico y una duración de carga específica. 
· una geometría de penetrador específica. 
           El propósito principal de un ensayo de dureza es determinar la idoneidad de un material, o 
el tratamiento concreto al cual el material ha sido sometido. 
 
           El ensayo de dureza suele llevarse a cabo midiendo la profundidad de penetración del 
penetrador (Rockwell, ensayo de penetración instrumentado, dureza de penetración de bola) o 
bien midiendo el tamaño de una impresión dejada por un penetrador (Vickers, Knoop y Brinell). 
El método de ensayo de dureza por penetración más adecuado dependerá de la microestructura 
de los materiales; es decir, de la homogeneidad del material. Es importante que el material, bajo 
la penetración realizada por el ensayo de dureza, sea representativo de la totalidad de la 
microestructura, salvo que la tarea sea estudiar los diferentes constituyentes presentes en la 
microestructura. Esto significa que si una microestructura es muy tosca y heterogénea, se 
necesitará una mayor impresión que para un material homogéneo. (Struers, 2017) 
 
           4.9.   Equipos utilizados en los ensayos. 
 
           Los equipos utilizados en los ensayos para obtener las diferentes características son 
equipos analíticos de última generación utilizados comúnmente en las diferentes industrias 
siderúrgicas. 
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           El espectrómetro de emisión atómica se utiliza en este proyecto por ser un equipo 
analítico con el que se obtienen los datos de la composición química en porcentaje de los 
elementos químicos que son la base del presente proyecto en especial la obtención del porcentaje 
de Carbono del acero original y del acero reformulado.  
 
           El durómetro que se utiliza en este proyecto para obtener la dureza del acero en escala 
Rockwell C. del acero original y el acero reformulado, se utilizo en este proyecto por ser un 
equipo de buena utilización en la industria y comúnmente se encuentra en las fabricas 
siderúrgicas como un equipo de control. 
 
           La maquina universal de ensayos que se usa para obtener la resistencia a la tracción en 
escala de Kgf/mm2. Equipo analítico de gran uso en la industria como ayuda al control de la 
obtención de las características mecánicas, en este proyecto se utiliza para obtener los datos del 





           5.1.       Recursos. 
 
           5.1.1.    Laboratorio de Ensayos INDUMIL Sogamoso, Boyacá. 
 
           5.1.2.    Materia Prima. 
 
      La materia prima utilizada para la obtención de las probetas del acero reformulado utilizado 
en  los ensayos, tiene procedencia de origen nacional; que es la que se utiliza en los procesos de 
la Fabrica de Indumil Sogamoso. 
 
           5.2.       Equipos.  
 
           5.2.1.    Espectrómetro de emisión atómica.  
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      Certificado de Calibración Numero 133274, Modelo Spectro LAV M11, Fabricante 
Alemania. Marca SPECTRO. (Ver Figura 3) Este equipo utilizado para el ensayo de análisis 
químico por espectrometría de emisión se compone de un sistema óptico, sistema de excitación 
de muestra y una CPU; Cada uno de estos componentes tiene partes eléctricas, mecánicas 
electrónicas hardware y software necesarios para el ensayo. El equipo maneja diferentes 
materiales en diferentes rangos de composición química (Tabla 1) Programa Acero de baja 
aleación. 
 
Tabla 1. Rangos composición química en % de las curvas del Espectrómetro de emisión 
atómica. 
 
% C Si Mn P S Cr Mo Ni Al 
Mínimo 0,0005 0,0006 0,0002 0,0002 0,0002 0,0003 0,00003 0,0004 0,0005 
Máximo 1,5 5,3 2,4 0,12 0,12 8,5 8,5 5,5 1,9 
% As B Co Cu Nb Sn Ti V W 
Mínimo 0,0002 0,0001 0,0002 0,0005 0,0002 0,0001 0,0001 0,0002 0,0002 
Máximo 0,13 0,014 2,0 1,2 0,32 0,16 0,82 1,10 3,1 
% Zr Ca Sb Ta Pb Bi Se Zn Fe 
Mínimo 0,0001 0,00003 0,0004 0,0005 0,0002 0,0002 0,0008 0,00005 Ref. 
Máximo 0,22 0,02 0,11 0,20 0,025 0,01 0,12 0,025  
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
. 
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Figura 3. Espectrómetro de emisión atómica. 
 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
 
 
Tabla 2. Partes del Espectrómetro - Spectrolab. 
 
A Electrodo de tungsteno. 
B Orificio donde se coloca la muestra para el ensayo de análisis químico %. 
C Entrada del Argón alta pureza a la cámara de chispeo del equipo. 
D Óptica donde el equipo convierte intensidades en concentraciones en %. 
E Entrada de Argón alta pureza al equipo espectrómetro de emisión. 
F Monitor y CPU del software Spark Analyzer. 
G Impresora de los registros de los ensayos. 
H Entrada del Fluido Eléctrico 220 VAC. Al equipo espectrómetro de emisión. 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
    
 
           5.2.2      Maquina Universal de Ensayos. 
 
      Certificado de calibración No. ICCLAB-6087, 2016-12-13. ISO/IEC 17025:2005 09-LAC-
027. Modelo AG-1, Fabricante Japón, Marca  Shimadzu. (Ver Figura 4) 
 











  H 
H 
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· Capacidad de la celda  100 KN Máximo.(10 toneladas)  
· Pantalla táctil LCD grande para operación  independiente. 
· Control de alta precisión con sistema de brazo cerrado. 
· Software Trapezium para procesamiento de datos de tensión y compresión. 






Figura 4. Maquina Universal de ensayos. 
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Tabla 3. Partes de la Maquina Universal de Ensayos. 
 
A Celda de  100 KN Máximo. (10 toneladas). 
B Brazo aprieta mordaza. 
C Mordaza para sujetar la muestra a ensayar. 
D Base de la maquina con el motor  
E Entrada del Fluido Eléctrico 220 VAC. A la Maquina Universal de Ensayos.   
F Brazo de desplazamiento de alta precisión. 
G Pantalla táctil LCD grande para operación  independiente. 
H Cable transmisor de datos.  
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
  
           5.2.3    Durómetro Universal. 
      Informe de calibración 17252 / 2017. Modelo ZHU. Fabricante Reino unido. Marca ZWICK 
/ ROELL. (Ver Figura 5) Estos tipos de durómetros poseen ciclo automático de cargas 
programables con tiempos de espera de 1 a 50 segundos, con conversión a otras escalas y 
corrección para superficies no planas. Posee un Microscopio incorporado para lecturas de 
dureza; tiene un espacio vertical de 250 mm. Y una distancia de 150 mm. Mínimo del centro del 
indentador hasta el bastidor.    
 
 
Figura 5. Durómetro Universal. 
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Tabla 4. Partes del Durómetro Universal. 
A Display donde registra la dureza obtenida en el durómetro. 
B Microscopio incorporado para las lecturas de la dureza. 
C Indentador accesorio para poder efectuar la dureza.  
D Base soporte para colocar la muestra en el ensayo de dureza.  
E Entrada del Fluido Eléctrico 110 VAC. Al durómetro universal.   
F Bastidor, tornillo de desplazamiento y fijación del soporte para las muestras.  
G Intercambiadores de la carga para la operación del equipo. 
H Pesas patrón del equipo para las diferentes cargas según tipo de dureza. 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
 
           5.2.4     Microscopio Metalográfico. 
      Informe de calibración Septiembre 2017. Modelo GX 71. Fabricante Japón. 
Marca Olympus.  Equipo con una amplitud de imagen de 50X, hasta 100 x lectura directa. 
 
            5.3     Normas. 
 
           El laboratorio de ensayos de INDUMIL Fabrica Santa Bárbara Sogamoso cuenta con 
varios equipos para los  ensayos físico químicos en especial el Espectrómetro de emisión atómica 
que fue el equipo con que se acredito el ensayo de análisis químico vía espectrometría según 
Certificado de acreditación 12 – LAB – 044 con código de la técnica de los ensayos L16 - C60 
con fecha de aprobación del 2016 – 05 – 19 según ONAC (Organismo Nacional de Acreditación) 
Normas a usar:  
 
           5.3.1   Norma para el Ensayo y análisis de la composición química. 
 
      Norma ASTM E 415 – 15, Standard Test Method for Analysis of Carbon and Low- Alloy 
Steel by Spark Atomic Emission Spectrometry. (Ver anexo 1) 
 
           5.3.2.   Norma para el Ensayo y análisis de la dureza. 
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      Norma ASTM E 18 – 05, Standard Test Methods for Rockwell Hardness and Rockwell 
Superficial Hardness of Metallic Materials. (Ver anexo 2) 
 
          5.3.3.  Norma para el Ensayo y análisis de la Resistencia a la Tracción.  
 
      Norma Técnica Colombiana NTC  2, Ensayo de tracción para materiales metálicos. Método 
de ensayo a temperatura ambiente. (Ver anexo 3)  
 
          5.4.     Diseño Experimental. 
 
           5.4.1.  Tratamiento de la Muestra Original.  
 
           Para el tratamiento de la muestra original se procedió a efectuar ensayos de análisis de 
características químicas y físicas como son el análisis químico, de dureza, de metalografía y de 
resistencia a la tracción para obtener datos técnicos y así poder plantear con que características 
vamos a formular en la experimentación la variación de un solo factor; el porcentaje de Carbono 
(C) en las probetas obtenidas  con composición química del acero para los dientes de pala. 
 
           5.4.2    Caracterización Físico Química: 
 
• Composición Química en % obtenida de la muestra original. (Tabla 5.) 
 
Tabla 5. Composición Química en % obtenida de la muestra original.  
 
C Si Mn P S Cr 
 
Ni Mo 
0,40 % 1,92 % 1,55 %  0,028 % 0,014 % 1,50 % 0,18 % 0,24 % 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
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Figura 6. Registro Análisis de composición química del diente original. 
 
Fuente: Laboratorio de Ensayos Indumil, Sogamoso. 
 
• Dureza obtenida en escala HRC (Hardness Rockwell C) muestra original: 30, 2 HRC:    
31 HRC ; 32 HRC ; Promedio 31, 06 HRC (Hardness Rockwell C), (Ver Figura 7)  
 
Figura 7. Dureza primera toma diente original 30,2 en escala Rockwell C. 
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• Resistencia a la Tracción obtenida de la muestra original. 46,25 Kgf/mm2 de 
Resistencia a la tracción. (Ver Figura 8)  
  
 
Figura 8. Resistencia a la Tracción diente original en la escala de Kgf/mm2  
 
Fuente: Laboratorio de Ensayos Indumil, Sogamoso. 
 
• Metalografía obtenida de la muestra original Matriz Perlita Y Bainita. 
 
           5.4.3.    Planeación del Experimento. 
 
      En este proyecto se planeo el ensayó a muestras experimentalmente  en cinco niveles, o en 
los diferentes  porcentajes de Carbono así: de 0,3%, de 0,35%, de 0,4%, de 0,45% y de 0,5% de 
acuerdo a la Tabla 8., y en cada nivel 5 repeticiones o replicas para un total de 25 repeticiones.  
 
           5.4.4.    Modelo Matemático.  
 
      El análisis de varianza es un ensayo o serie de ensayos en los cuales se introducen cambios 
de alguna característica en las variables de entrada que forman el proceso, para que así se pueda 
observar e identificar las causas de los cambios en la variable de salida obtenida. 
Resistencia a 
la Tracción. 
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El análisis de la varianza es un modelo matemático estadístico que permite obtener si diferentes 
tratamientos muestran diferencias significativas o por el contrario puede presumirse que sus 
medias poblacionales no se alteran. Por eso para este proyecto se aplico el análisis de varianza de 
un solo factor para poder verificar si el cambio en el porcentaje de Carbono se afecta de acuerdo 
al estudio del modelo matemático estadístico. 
 
       5.4.5.    El objetivo del experimento de análisis de varianza con un solo factor.  
 
      El principal objetivo de este proyecto apunta su interés en investigar la Resistencia a la 
Tracción y Dureza de un acero especial con nueva formulación en su porcentaje de Carbono 
producto del experimento con un solo factor el análisis de varianza. 
      
      5.4.6.      Experimentos con un Solo Factor: El análisis de Varianza.    
 
      El método tradicional de experimentación, el que quizás surge de forma más intuitiva para 
estudiar el sistema en este proyecto, consistió en variar-un-factor-cada-vez (VUFCV): partiendo 
de unas condiciones iniciales, se realizaron experimentos en los cuales todos los factores se 
mantienen constantes excepto el que se sometió al estudio. De este modo, la variación de la 
respuesta se pudo atribuir a la variación del factor, y, por tanto, revelo el efecto de ese factor. 
El diseño se hizo probando ejemplares en cinco niveles con diferentes porcentajes de carbono de 
acuerdo al patrón de referencia diente importado y 5 réplicas por nivel para un total de 25 
corridas o ensayos a los ejemplares o probetas y según resultados ensayar sus propiedades 
mecánicas de resistencia a tracción y dureza siguiendo la metodología según experimentación 
con un solo factor: El análisis de varianza. (Montgomery, 2001)  y su método con los términos se 
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Tabla 6. Convenciones términos del análisis de Varianza para el método con un solo factor. 
 
Termino de la expresión 
matemática 







1 2 3 
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Tabla 7. Tabla del análisis de Varianza para el método con un solo factor. 
 
 
Fuente: (Montgomery, 2001) 
 
           5.4.7    Teorema de Cochran aplicado a esta Investigación como Proyecto. 
 
      Los grados de libertad de SS Tratamientos y SSE suman N – 1, el número total de grados de 
libertad, el teorema de Cochran implica que SS Tratamientos/δ2 y SSE / δ2 son variables aleatorias ji-
cuadrada con una distribución independiente. Por lo tanto, si la hipótesis nula dice de que si no 
hay diferencias en las medias de los tratamientos es verdadera, el cociente se distribuye como F 











Fuente   de 
variación 
Suma de cuadrados Grados 
de 
Libertad 























-----AAQ =-AAB---- 2-AABCDEDFGHIEJK---- 
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           Esta expresión Fo es el estadístico de la prueba para la hipótesis de que no hay diferencias 
en las medias de los tratamientos. (2017)  Por los cuadrados medios esperados se observa que, en 
general, MSE es un estimador insesgado de δ2 (sigma 2). 
 
           Asimismo bajo  la hipótesis nula, MS Tratamientos es un estimador insesgado de δ2 (sigma 2). 
Sin embargo, si la hipótesis nula es falsa, el valor esperado de MS Tratamientos es mayor que δ2. 
           Por lo tanto, bajo la hipótesis alternativa, el valor esperado del numerador del estadístico 
de prueba Fo, es mayor que el valor esperado del denominador. 
 
           En consecuencia, Ho deberá rechazarse para valores del estadístico de prueba que son 
muy grandes. (Esto implica una región crítica de una sola cola superior) 
 
         Por lo tanto, Ho deberá rechazarse y concluirse que hay diferencias en las medias de los 
tratamientos si:   
  
;*- U ;1-61V3-6@V1-------- 
 
           Donde Fo se calcula como:   









           Se puede usar el enfoque de los valores P para tomar la decisión. (2017) 
 





                                             
 





           Y calcular AAQ como la suma de cuadrados del error por sustracción: 
 
 
!!? =-AAB---- 2-AABCDEDFGHIEJK---- 
 
           El desarrollo del experimento se efectuó aleatorizado se numeraron las corridas de la 
siguiente manera según la  Tabla 8. 
 




Numero de corrida experimental 
0,30 1 2 3 4 5 
0,35 6 7 8 9 10 
0,40 11 12 13 14 15 
0,45 16 17 18 19 20 
0,50 21 22 23 24 25 
 Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
 
           Después se procedió a seleccionar de manera aleatoria muy necesaria para evitar variables 
que perturbaran los resultados, se hizo entre 1 y 25 corridas, 5 corridas por nivel o Porcentaje de 
Carbono. La secuencia del experimento de un solo factor fue según la Tabla 9. 
 
Tabla 9. Secuencia aleatoria del experimento. 
 
Secuencia de prueba Numero de corrida  % de Carbono 
1 7 0,35 
2 18 0,45 
3 23 0,50 
4 10 0,35 
5 5 0,30 
6 17 0,45 
7 14 0,40 
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8 6 0,35 
9 15 0,40 
10 20 0,45 
11 9 0,35 
12 4 0,30 
13 12 0,40 
14 8 0,35 
15 1 0,30 
16 24 0,50 
17 21 0,50 
18 11 0,40 
19 2 0,30 
20 13 0,40 
21 22 0,50 
22 25 0,50 
23 16 0,45 
24 3 0,30 
25 19 0,45 
 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
 
 Tabla 10. Porcentajes de Carbono por niveles.  
 
Nivel 1 Nivel 2 Nivel 3 Nivel 4 Nivel 5 
0,30 %  0,35 % 0,4 % 0,45 % 0,5 % 
0,30 % 0,35 % 0,4 % 0,45 % 0,5 % 
0,30 % 0,35 % 0,4 % 0,45 % 0,5 % 
0,30 % 0,35 % 0,4 % 0,45 % 0,5 % 
0,30 % 0,35 % 0,4 % 0,45 % 0,5 % 
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6.      RESULTADOS.  
 
           6.1.     Resultados obtenidos del experimento en la Resistencia a la Tracción. 
 
           Según la Tabla 9. Se siguió el orden aleatorio, y se ejecuto el ensayo de Resistencia a la 
Tracción obteniendo los siguientes resultados registrados en la Tabla 11. Y evidencias de los 
ensayos realizados en las siguientes figuras: Figuras 9., Figura 10., Figura 11., Figura 12., 
Figura 13.   
 
Tabla 11. Resistencia a la Tracción observada con 5 niveles de % de Carbono y 5 replicas. 
 
% de 
Carbono del acero 
Resistencia a la tracción observada             Kgf/mm2   
     
0,30 % 25,9 25,03 26,11 27,01 25,7 
0,35 % 33,85 34,23 34,16 34,26 33,91 
0,40 % 45,58 46,11 45,59 46,34 45,23 
0,45 % 66,23 65,15 65,27 65,45 66,14 
0,50 % 74,25 74,26 74,27 74,49 74,22 
Fuente: Lab. Indumil. 
 
     
      
      
      
 
Figura 9. Numero de corrida 2, Probeta de 0,3 % Carbono, Resistencia a la Tracción           
obtenida de 25,03 Kgf/mm2 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
Resistencia a 
la Tracción. 
                                             
 




Figura 10. Numero de corrida 8, Probeta de 0,35 % Carbono, Resistencia a la Tracción           
obtenida de 34,16 Kgf/mm2 




Figura 11. Numero de corrida 11, Probeta de 0,40 % Carbono, Resistencia a la Tracción           
obtenida de 45,58 Kgf/mm2 
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Figura 12. Numero de corrida 17, Probeta de 0,45 % Carbono. Resistencia a la Tracción           
obtenida de 65,15 Kgf/mm2 




Figura 13. Numero de corrida 25, Probeta de 0,50 % Carbono. Resistencia a la Tracción           
obtenida de 74,22 Kgf/mm2. 
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Se muestran las observaciones o replicas de los ensayos que se realizaron para la resistencia a la 
tracción en Kgf/mm2, según Tabla 12. 
 
Tabla 12. Datos Resistencia a la Tracción observada con cinco niveles de % de Carbono y  





Resistencia a la tracción observada             
 Kgf/mm2  







0,30 % 25,9 25,03 26,11 27,01 25,7 129,75 25,95 
0,35 % 33,85 34,23 34,16 34,26 33,91 170,41 34,082 
0,40 % 45,58 46,11 45,59 46,34 45,23 228,85 45,77 
0,45 % 66,23 65,15 65,27 65,45 66,14 328,24 65,648 
0,50 % 74,25 74,26 74,27 74,49 74,22 371,49 74,298 
                                                                                                             Yi 1228,74  Prom Yi 49,1496         
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
 
 
           Se uso el análisis de Varianza para probar la  
 
           Hipótesis nula existe cuando las medias de los tratamientos son iguales. 
 
WX-Y-Z1 = Z2 = Z3 = Z4= Z5 
 
           Hipótesis alternativa existe cuando las medias de los tratamientos son diferentes. 
 
H1: algunas medias son diferentes. 
 




SST = (25,9)2 + (25,03)2 + (26,11)2 + (27,01)2 + (25,7)2 + (33,85)2 + (34,23)2 + 
(34,16)2 (34,26)2 + (33,91)2 + (45,58)2 + (46,11)2 + (45,59)2 + (46,34)2 + (45,23)2 + 
(66,23)2 + (65,15)2 + (65,27)2 + (65,45)2 + (66,14)2 + (74,25)2 + (74,26)2 + (74,27)2 + 
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(74, 49)2 + (74,22)2 -  ((1228,74)2 / 25) 
SST = 8410,64. 
 
 
SSTratamientos   = 1 / 5 ((129,75)2+ (170,41)2+ (228,85)2+ (328,24)2+ (371,49)2 – 
 
(1228,74)2 / 25 
 
SSTratamientos = 8406,57 
 
!!? =-AAB---- 2-AABCDEDFGHIEJK---- 
 
SSE = 8410,64 – 8406,57 = 4,07 
 
MSTratamientos = 8406,57 / 4 = 2101,64 
 
MSE = 4,07 / 20 = 0,20 
 










                   
FO 
              
Valor P 
 
% de Carbono 
(SSTratamientos)  
= 8406,57 




            
10508,22 







(N – a)  
= 20 





















Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
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Según la Tabla 13., el cuadrado medio de los tratamientos MSTratamientos = (2101,64) es resultado 
de la división de (SSTratamientos) = 8406,57 / ( 1 2 3 ) = 4; y es muchas veces mayor que el 
cuadrado medio dentro de los tratamientos (o cuadrado medio del error MSE = 0,20), Por lo tanto 
no es posible que las medias de los tratamientos sean iguales. Concluyéndose que es un ensayo 
de variabilidad dentro del mismo nivel de porcentaje de Carbono, rechazándose la hipótesis nula   
WX- y aceptando la hipótesis alternativa H1 (algunas medias son diferentes) 
 
              6.2     Resultados analisis de la Varianza con un solo factor de una manera mas  
 
                        formal de la Resistencia a la Traccion. 
 
          Calculando el coeficiente F: Fo = 2101,64 / 0,20 = 10508,22. 
Obtención del F de referencia con un α = 0,05 de la tabla de distribucion.F: F0,05 , 4,20 = 2,87 
(Tabla 14) con flecha de color    Por lo tanto 10508,22 > 2,87  , se rechaza H0 y se concluye que 
las medias de los tratamientos son diferentes;observandose variabilidad dentro del mismo nivel 
del contendido de Carbono, según el experimento en la variacion del porcentaje de Carbono en el 
acero aleado objeto de este experimento incide de manera significativa en la Resistencia a la 
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Tabla 14. Tabla de distribución de los puntos F de los puntos porcentuales.  
 
                  F: F 0,05 , 4,20 = 2,87. (Montgomery, 2001)     
 
 
        
           6.3    Comparativo de los resultados obtenidos en el acero original Vs  
 
                    resultados del acero reformulado en la Resistencia a la Traccion. 
 
 
Tabla 15. Cuadro Comparativo de los resultados obtenidos en la acero original Vs  
 
resultados del acero reformulado.  
 
 
Acero Porcentaje de Carbono Resistencia a la Traccion 
Original 0,397 % 46,25 Kgf/mm2 
Reformulado  0,50 % 74,298 Kgf/mm2 en promedio. 
 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
 
                                             
 





Figura 14. Grafico Resistencia a la traccion de 46,25 Kgf/mm2 . Acero Original.  
 




Figura 15. Grafico resultados de Resistencia a la tracción Kgf/mm2  acero reformulado.  
 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
 
           En la tabla 15. y figura 14 y Figura 15 se observa el cambio en la Resistencia a la 
tracción por la incidencia del mayor porcentaje de Carbono 0,50 % , aumentándose esa 



































































Resistencia a la Tracción Kgf/mm². acero 
reformulado  en los 5 niveles de Carbono.
Porcentajes de Carbono 
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           6.4.      Resultados obtenidos del experimento en la Dureza. 
 
Se siguió el orden aleatorio. Según Tabla 9. , y se ejecuto el ensayo de Dureza obteniendo los 
siguientes resultados registrados en la Tabla 16. Y evidencias de los ensayos en las Figuras 16., 
Figura 17., Figura 18., Figura 19., Figura 20.   
 
Tabla 16.  Dureza observada HRC, con cinco niveles de Porcentaje  de Carbono y cinco  





Dureza observada HRC (Hardness Rockwell C) 
     
0,30 % 20,3 20,2 20,5 20,6 20,4 
0,35 % 24,1 24,2 24,9 24,3 24,2 
0,40 % 30,3 30,4 30,1 30,2 30,3 
0,45 % 40,1 39,7 39,0 39,3 39,4 
0,50 % 47,1 47,4 47,3 47,2 47,4 
. 




Figura 16. Numero de corrida 2, Probeta de 0,30 % Carbono. Dureza de 20,2 HRC. 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
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Figura 17. Numero de corrida 6, Probeta de 0,35 % Carbono. Dureza de 24,1 HRC. 





Figura 18. Numero de corrida 12, Probeta de 0,4 % Carbono. Dureza de 30,4 HRC. 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
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Figura 19. Numero de corrida 18, Probeta de 0,45 % Carbono. Dureza de 39,0 HRC. 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
 
 
Figura 20. Numero de corrida 24, Probeta de 0,5 % Carbono. Dureza de 47,2 HRC. 
 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
 
 
           De acuerdo a los datos obtenidos según Tabla 12. Y Tabla 16., se obtuvo que la variación 
de la Resistencia a la Tracción y la Dureza son producto de la variación en el elemento químico 
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en el porcentaje de Carbono de 0,5%  del acero reformulado incrementándose  la Resistencia a la 
Tracción en (Kgf/mm2) y la Dureza en H.R.C. (Hardness Rockwell C). 
 
           Se muestran las observaciones o replicas de los ensayos que se realizaron para la Dureza, 
según la Tabla 17. 
 
Tabla 17. Datos de Dureza observada HRC, con cinco niveles de porcentajes de Carbono y  
 





Dureza observada (Hardness Rockwell C)             
HRC 







0,30 % 20,3 20,2 20,5 20,6 20,4 102 20,4 
0,35 % 24,1 24,2 24,9 24,3 24,2 121,7 24,24 
0,40 % 30,3 30,4 30,1 30,2 30,3 151,3 30,26 
0,45 % 40,1 39,7 39,0 39,3 39,4 197,5 39,5 
0,50 % 47,1 47,4 47,3 47,2 47,4 236,4 47,28 
  Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
                                                                                                            Yi  808,9    Prom Yi 32,336         
 
 
           Se uso el análisis de Varianza para probar la  
 
      Hipótesis nula 
 
WX-Y-Z1 = Z2 = Z3 = Z4= Z5 
 
 
      Hipótesis alternativa 
 
H1: algunas medias son diferentes. 
 
 
           Las sumas de cuadrados requeridas se calcularon como sigue: 
 
                                             
 




SST  =  (20,3)2 + (20,2)2 + (20,5)2 + (20,6)2 + (20,4)2 + (24,1)2 + (24,2)2 + 
(24,9)2 + (24,3)2 + (24,2)2 + (30,3)2 + (30,4)2 + (30,1)2 + (30,2)2 + (30,3)2 + 
(40,1)2 + (39,7)2 + (39)2 + (39,3)2 + (39,4)2 + (47,1)2 + (47,4)2 + (47,3)2 + 
(47,2)2 + (47,4)2 -  ((808,9)2 / 25) 





SSTratamientos   = 1 / 5 ((102)2+ (121,7)2+ (151,3)2+ (197,5)2+ (236,4)2 – (808,9)2 / 25 
 
SSTratamientos = 2426,23 
 
!!? =-AAB---- 2-AABCDEDFGHIEJK---- 
 
SSE = 2428,12 – 2426,23 = 1,89 
 
SSE = 1,89 
 
MSTratamientos = 2426,23 / 4 = 606,56 
 
MSTratamientos = 606,56 
 
MSE = 1,89 / 20 = 0,09 
 




                                             
 














                   
FO 
              
Valor P 
 
% de Carbono 
(SSTratamientos)  
= 2426,23  













 M@ 2 1 ) 
= 20 
 



















Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
 
           Según la Tabla 18. , el cuadrado medio de los tratamientos MSTratamientos = (606,56) 
resultado de la división de (SSTratamientos), 2426,23 / ( a 2 O )  4; es muchas veces mayor que el 
cuadrado medio dentro de los tratamientos (o cuadrado medio del error MSE = 0,09), Por lo tanto 
no es posible que las medias de los tratamientos sean iguales.   
    
           6.5    Resultados analisis De la Varianza con un solo factor de una manera mas  
 
           formal de la Dureza. 
 
 
           Calculando el coeficiente F: Fo = 606,56 / 0,09 = 6739,5. 
Obtención del F de referencia con un α = 0,05 de la tabla de distribucion. 
 F: F0,05 , 4,20 = 2,87 (Tabla. 15) con flecha de color     Por lo tanto 6739,5 > 2,87 ,se rechaza H0 y 
se concluye que las medias de los tratamientos son diferentes; observandose variabilidad dentro  
del mismo nivel del contenido de Carbono, expresado según el experimento en la variacion del 
porcentaje de Carbono en el acero aleado objeto de este experimento incide de manera 




                                             
 




           6.6    Comparativo de los resultados obtenidos en el acero original Vs  
 
                    resultados del acero reformulado en la Dureza. 
 
 
Tabla 19. Cuadro Comparativo de los resultados obtenidos de la Dureza en la acero  
                 original Vs resultados del acero reformulado. 
 
Acero Porcentaje de Carbono Dureza 
Original 0,397 % 31,06 H.R.C. 
Reformulado  0,50 % 47,28 H.R.C. 
 






Figura 21. Grafico de la Dureza de 31,06 H.R.C.obtenida en el acero original  
                   























Dureza en escala H.R.C. 
Acero Original
                                             
 




Figura 22. Grafico resultados de Dureza en H.R.C. obtenidos del acero reformulado.  
 
Fuente: Laboratorio de ensayos Indumil, Sogamoso. 
 
 
           En la Tabla 19. y la Figura 21. y Figura 22. Se observó al comparar los datos el cambio 
en la Dureza por la incidencia del mayor porcentaje de Carbono, aumentándose esa característica 
Mecánica reformulando el acero con contenido de 0,5% de Carbono en este proyecto aplicado 
 
           6.7    Analisis de Resultados.  
 
En los resultados que se obtuvieron del análisis de varianza de un solo factor y verificando cual 
fue la incidencia de variar el porcentage de Carbono en las probetas de acero reformulado se 
evidencia la mayor Resistencia a la traccion y Dureza con el porcentage de Carbono de 0,50 %. 
  
En las Tabla 15. y Figura 14 y Figura 15 se observo el cambio en la Resistencia a la tracción 
por la incidencia del mayor porcentaje de Carbono 0,50 % , aumentándose esa característica 





























Dureza en escala H.R.C. Acero reformulado en 
los cinco niveles de Carbono.
Porcentajes de Carbono 
Porcentajes de Carbono 
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Igualmente en las Tabla 19. y la Figura 21. y Figura 22. Se observó el cambio en la Dureza al 
agregar mas porcentaje de Carbono, sé aumento esta característica Mecánica del acero  







































                                             
 





· Se logró caracterizar y  analizar  mediante los ensayos las características  químicas y 
físicas del acero de los dientes de pala importados para obtener unos datos patrón y 
poder experimentar la variación de un solo factor él porcentaje de Carbono y su 
incidencia en la resistencia a la tracción y la dureza.   
· Se Determinó las  características físico – químicas  del acero de  los dientes importados 
de composición química, dureza, resistencia a la tracción y metalografía para poder tener 
un patrón de referencia. 
· Se Estableció una nueva variación en la composición química en él porcentaje de 
Carbono de las probetas a ensayar con un rango de 0,3 a 0,5 % de Carbono.  
· Se Obtuvieron los datos de los ensayos resultados del experimento  de la variación de un 
solo factor él porcentaje de C (Carbono);  verificando así los cambios en las propiedades  
físico - mecánicas de la Resistencia a la Tracción y Dureza que se obtuvieron con el 
contenido de  0,5 %  de Carbono en las probetas del acero reformulado  incrementándose  
esas propiedades físico - mecánicas según comparativo de las Tablas 15. y Tabla 19.  
· Al obtener los datos del Experimentos con un solo factor: el análisis de varianza, registro  
mejorándose las propiedades físico mecánicas de la Dureza del acero original de 31,06 
H.R.C a 47,28 H.R.C. en promedio del acero reformulado. La Resistencia a la tracción 
del acero original se incremento de 46,25 Kgf/mm2  del acero original, a 74,298 
Kgf/mm2 en promedio del acero reformulado. 
· Se concluye que las medias de los tratamientos son diferentes; observandose variabilidad 
dentro  del mismo nivel del contenido de Carbono, expresado según el experimento en la 
variacion del porcentaje de Carbono en el acero aleado objeto de este experimento incide 
de manera significativa en la Dureza media obtenida y la Resistencia a la Traccion.  
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· Mediante esta investigacion aplicandole el metodo de analisis de varianza concluyo que 
el porcentaje de Carbono es el elemento quimico que nos contribuye al incremento de las 
propiedades fisico mecanicas y se que en un futuro se fabriquen aceros especiales en 
especial para los dientes de pala con ese porcentaje de Carbono de 0,5 %;  para que su 

























                                             
 




· Concluido este proyecto se recomienda que al incrementar el porcentaje de Carbono en 
los aceros aleados , las propiedades mecanicas de resistencia a la traccion y fisicas de 
dureza aumentan,lo que proporciona unas mejores caracteristicas a un acero aleado de 
uso industrial. 
· Mediante el analisis de varianza de un solo factor se pudo verificar que se puede utilizar 
en estos tipos de experimentos pàra poder llegar a una mejor conclusion de su incidencia 
de la variacion de un solo factor.  
· Al obtener mejores propiedades fisico mecanicas en un acero se recomienda hacer mas 
experimentos en otros tipos de aceros para poder solucionar muchos problemas de los 
aceros utilizados en diferentes tipos de repuestos de las industrias. 
· Luego de la verificacion con evidencias objetivas se recomienda utilizar esta 
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Anexo 1. Norma  ASTM E415−15 
Designation: E415 − 15
Standard Test Method for
Analysis of Carbon and Low-Alloy Steel by Spark Atomic
Emission Spectrometry 1
This standard is issued under the fixed designation E415; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (́) indicates an editorial change since the last revision or reapproval.
1. Scope
1.1 This test method covers the simultaneous determination
of 21 alloying and residual elements in carbon and low-alloy
steels by spark atomic emission vacuum spectrometry in the









Aluminum 0 to 0.093 0.006 to 0.093
Antimony 0 to 0.027 0.006 to 0.027
Arsenic 0 to 0.1 0.003 to 0.1
Boron 0 to 0.007 0.0004 to 0.007
Calcium 0 to 0.003 0.002 to 0.003
Carbon 0 to 1.1 0.02 to 1.1
Chromium 0 to 8.2 0.007 to 8.14
Cobalt 0 to 0.20 0.006 to 0.20
Copper 0 to 0.5 0.006 to 0.5
Manganese 0 to 2.0 0.03 to 2.0
Molybdenum 0 to 1.3 0.007 to 1.3
Nickel 0 to 5.0 0.006 to 5.0
Niobium 0 to 0.12 0.003 to 0.12
Nitrogen 0 to 0.015 0.01 to 0.055
Phosphorous 0 to 0.085 0.006 to 0.085
Silicon 0 to 1.54 0.02 to 1.54
Sulfur 0 to 0.055 0.001 to 0.055
Tin 0 to 0.061 0.005 to 0.061
Titanium 0 to 0.2 0.001 to 0.2
Vanadium 0 to 0.3 0.003 to 0.3
Zirconium 0 to 0.05 0.01 to 0.05
A Applicable range in accordance with Guide E1763 for results reported in
accordance with Practice E1950.
B Quantitative range in accordance with Practice E1601.
NOTE 1—The mass fraction ranges of the elements listed have been
established through cooperative testing2 of reference materials.
1.2 This test method covers analysis of specimens having a
diameter adequate to overlap and seal the bore of the spark
stand opening. The specimen thickness can vary significantly
according to the design of the spectrometer stand, but a
thickness between 10 mm and 38 mm has been found to be
most practical.
1.3 This test method covers the routine control analysis in
iron and steelmaking operations and the analysis of processed
material. It is designed for chill-cast, rolled, and forged
specimens. Better performance is expected when reference
materials and specimens are of similar metallurgical condition
and composition. However, it is not required for all applica-
tions of this standard.
1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.
2. Referenced Documents
2.1 ASTM Standards:3
E29Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications
E135Terminology Relating to Analytical Chemistry for
Metals, Ores, and Related Materials
E305Practice for Establishing and Controlling Atomic
Emission Spectrochemical Analytical Curves
E350Test Methods for Chemical Analysis of Carbon Steel,
Low-Alloy Steel, Silicon Electrical Steel, Ingot Iron, and
Wrought Iron
E406Practice for Using Controlled Atmospheres in Spec-
trochemical Analysis
E1019Test Methods for Determination of Carbon, Sulfur,
Nitrogen, and Oxygen in Steel, Iron, Nickel, and Cobalt
Alloys by Various Combustion and Fusion Techniques
E1329Practice for Verification and Use of Control Charts in
Spectrochemical Analysis
E1601Practice for Conducting an Interlaboratory Study to
Evaluate the Performance of an Analytical Method
E1763Guide for Interpretation and Use of Results from
1 This test method is under the jurisdiction of ASTM CommitteeE01 on
Analytical Chemistry for Metals, Ores, and Related Materials and is the direct
responsibility of SubcommitteeE01.01on Iron, Steel, and Ferroalloys.
Current edition approved Nov. 15, 2015. Published March 2016. Originally
approved in 1971. Last previous edition approved in 2014 as E415 – 14. DOI:
10.1520/E0415-15.
2Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:E01-1122. Contact ASTM Customer
Service at service@astm.org.
3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States
1Copyright by ASTM Int'l (all rights reserved); Wed Jun 29 17:07:03 EDT 2016
Downloaded/printed by
Universidad Nacional De Colombia (Universidad Nacional De Colombia) pursuant to License Agreement. No further reproductions authorized.
Interlaboratory Testing of Chemical Analysis Methods
(Withdrawn 2015)4
E1806Practice for Sampling Steel and Iron for Determina-
tion of Chemical Composition
E1950Practice for Reporting Results from Methods of
Chemical Analysis
E2972Guide for Production, Testing, and Value Assignment
of In-House Reference Materials for Metals, Ores, and
Other Related Materials
2.2 Other ASTM Documents
ASTM MNL 7 Manual on Presentation of Data and Control
Chart Analysis5
3. Terminology
3.1 For definitions of terms used in this test method, refer to
TerminologyE135.
4. Summary of Test Method
4.1 A capacitor discharge is produced between the flat,
ground surface of the disk specimen and a conically shaped
electrode. The discharge is terminated at a predetermined
intensity time integral of a selected iron line, or at a predeter-
mined time, and the relative radiant energies of the analytical
lines are recorded. The most sensitive lines of arsenic, boron,
carbon, nitrogen, phosphorus, sulfur, and tin lie in the vacuum
ultraviolet region. The absorption of the radiation by air in this
region is overcome by evacuating the spectrometer or by use of
a vacuum ultraviolet (VUV) transparent gas and flushing the
spark chamber with argon.
5. Significance and Use
5.1 This test method for the spectrometric analysis of metals
and alloys is primarily intended to test such materials for
compliance with compositional specifications. It is assumed
that all who use this test method will be analysts capable of
performing common laboratory procedures skillfully and




6.1.1 Refer to PracticeE1806for devices and practices to
sample liquid and solid iron and steel.
6.2 Excitation Source,capable of providing electrical pa-
rameters to spark a sample. See11.1 for details.
6.3 Spark Chamber,automatically flushed with argon. The
spark chamber shall be mounted directly on the spectrometer
and shall be provided with a spark stand to hold a flat specimen
and a lower counter electrode of rod form.
6.3.1 Follow the manufacturer’s recommendations for
cleaning the spark chamber. During continuous operation, this
typically should be done every 24 h. Follow the manufacturer’s
recommendations for cleaning the entrance lens or window
(verifier data or other reference sample intensity data can
typically indicate when this is necessary).
6.4 Spectral Lines—Table 1lists spectral lines and internal
standards usable for carbon and low alloy steel. The spectrom-
eter must be able to measure at least one of the listed spectral
lines for each of the listed elements. Spectral lines other than
those listed inTable 1may be used provided it can be shown
experimentally that equivalent precision and accuracy are
obtained.
6.5 Measuring System,spectrometer capable of converting
light intensities to measurable electrical signals. The measuring
system may consist of one of the following configurations:
6.5.1 A photomultiplier (PMT) array having individual
voltage adjustments, capacitors in which the output of each
photomultiplier is stored, a voltage measuring system to
register the voltages on the capacitors either directly or
indirectly, and the necessary switching arrangements to pro-
vide the desired sequence of operation.
6.5.2 A semiconductor detector array (CCD or CMOS),
pixel selection electronics to reset the pixels and to transport
the voltage of an individual pixel to one or more output ports
of the detector arrays, and a voltage measuring system to
register the voltage of said output ports.
6.5.3 A hybrid design using both photomultipliers and
semiconductor arrays.
6.6 Optical Path—If the instrument is operated using a
VUV transparent gas, check the manufacturer’s suggested gas
purity. It may be necessary to have a gas purification system
consisting of a circulation pump and a cleaning cartridge to
keep the O2 (g) residual <500 ng/g and H2O (g) residual
<1 µg ⁄g and remove impurities of nitrogen and hydrocarbons.
If the instrument is using a vacuum pump, it should be capable
of maintaining a vacuum of 3.33 Pa (25 µm Hg) or less.
NOTE 2—A pump with a displacement of at least 0.23 m3/ in (8
ft3/min) is usually adequate.
6.7 Gas System,consisting of an argon supply with pressure
and flow regulation. Automatic sequencing shall be provided to
actuate the flow at a given rate for a specific time interval. The
flow rate may be manually or automatically set. The argon
system shall be in accordance with PracticeE406.
7. Reagents and Materials
7.1 Counter Electrodes—The counter electrodes can be
silver or thoriated tungsten rods, or other material, provided it
can be shown experimentally that equivalent precision and bias
are obtained. The rods can vary in diameter from 1.5 mm to 6.5
mm (depending on the instrument design) and typically are
machined to a 90° or 120° angled tip.
7.1.1 A black deposit will collect on the tip of the electrode.
This deposit should be removed between specimens (typically
with a wire brush). If not removed, it can reduce the overall
intensity of the spectral radiation or transfer slight amounts of
contamination between specimens, or both. The number of
acceptable burns on an electrode varies from one instrument to
another, and should be established in each laboratory.
NOTE 3—It has been reported that thousands of burns can be performed
on a thoriated tungsten electrode before replacement is necessary.
4 The last approved version of this historical standard is referenced on
www.astm.org.
5ASTM Manual Series, ASTM International, 8th edition, 2010.
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Aluminum 396.15 I Mo
394.40 I V, Mn, Mo, Ni
308.22 I V, Mn
Antimony 217.6 I Ni, Nb, Mn, W
Arsenic 189.04 I V, Cr
197.20 I Mo, W
193.76 I Mn
Boron 345.13 II
182.64 I S, Mn, Mo
182.59 I W, Mn, Cu
Calcium 393.37 II
396.85 II Nb
Carbon 165.81 I Cr
193.09 I Al
Chromium 312.26 II V
313.21 II
425.44 I
298.92 II Mn, V, Ni, Nb, Mo
267.72 II Mn, Mo, W
Cobalt 345.35 I Cr, Mo
228.62 II Ni, Cr
258.03 II Fe, Mn, W
Copper 212.3 II Si
324.75 I Mn, Nb
327.40 I Nb
224.26 II W, Ni
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Lead 405.75 I Mn
Manganese 293.31 II Cr, Mo, Ni
255.86 II Zr




277.54 I Cu, V, Co, Mn
281.61 II Mn





231.60 II Co, Ti
227.02 II Nb, W
243.79 II Co, Fe, Ni
Niobium 313.08 II Ti, V
319.50 II Mo, Al, V
Nitrogen 149.26 I Fe, Ti, Si, Mn, Cu, Ni and nitride
forming elements such as Ti
Phosphorus 178.29 I Mo
Silicon 288.16 I Mo, Cr, W
251.61 I Fe, V
212.41 I Mo, Ni, V, Cu, Nb
390.55 I Cr, Cu, W, Ti
Sulfur 180.73 I Mn
Tin 147.52 II
189.99 II Mn, Mo, Al
Titanium 308.80 I Cu, Co
337.28 II Nb
Tungsten 324.20 II Nb
400.88 I
202.99 II Ti, V, Mn
220.50 II Co
Vanadium 437.92 I





A The numerals I or II in the line classification column indicate that the line has been classified in a term array and definitely assigned to the normal atom (I) or to the singly
ionized atom (II).
B Interferences are dependent upon instrument design, spectrum line choices, and excitation conditions, and those listed require confirmation based upon specimens
selected especially to demonstrate suspected interferences.
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7.2 Inert Gas, Argon,in accordance with PracticeE406.
8. Reference Materials
8.1 Certified Reference Materials (CRMs)—These are avail-
able from the National Institute of Standards and Technology
(NIST) and other sources and span all or part of the mass
fraction ranges listed in1.1. They are used to calibrate the
spectrometer for the elements of interest or to validate the
performance of the test method. It is not recommended to use
CRMs as verifiers or to establish the repeatability of the
chemical measurement process.
NOTE 4—Certified Reference Materials manufactured by NIST are
trademarked with the name, “Standard Reference Material.”
8.2 Reference Materials (RMs)—These are available from
multiple suppliers or can be developed in house. Reference
Materials are typically used in control procedures (verifiers)
and in drift correction (standardization) of the spectrometer,
and they may be useful in calibrations. These reference
materials shall be homogenous and contain appropriate mass
fractions of each element for the intended purpose. Refer to
GuideE2972for production of your own reference materials.
8.3 Several issues can impact the selection and use of
CRMs and RMs:
8.3.1 Samples and reference materials may exhibit differ-
ences in metallurgical structure, in particular having different
sizes, compositions, and distributions of inclusions. Inhomo-
geneous distribution of inclusions can worsen repeatability of
individual measurements of elements found in the inclusions.
Some inclusions may be removed during preburn steps prior to
integration of intensities, causing low results. Typical samples
can be used to determine repeatability of individual measure-
ments to yield estimates consistent with performance for actual
samples.
8.3.2 For certain elements, there may be no available
reference materials with metallurgical structure similar to
typical samples. Therefore, calibrations may be biased. It is
recommended to validate results using typical samples ana-
lyzed using Test MethodsE350andE1019.
9. Preparation of Specimens and Reference Materials
9.1 The specimens and reference materials shall be prepared
in the same manner. A specimen cut from a large sample
section shall be of sufficient size and thickness for preparation
and to properly fit the spectrometer stand. A 10-mm to 38-mm
thick specimen is normally most practical.
9.2 Ensure that the specimens are free from voids and pits in
the region to be measured (Note 5). Initially, grind the surface
with a 50-grit to 80-grit abrasive belt or disc (wet or dry) or
mill the surface. If wet grinding, perform the final grind with a
dry abrasive belt or disc. A finer abrasive grinding media (for
example, 120-grit) may be used for the final grind, but is not
essential.
NOTE 5—Specimen porosity is undesirable because it leads to the
improper “diffuse-type” rather than the desired “concentrated-type” dis-
charge. The specimen surface should be kept clean because the specimen
is the electron emitter, and electron emission is inhibited by oily, dirty
surfaces.
9.2.1 Reference materials and specimens shall be refinished
dry on an abrasive belt or disc before being remeasured on the
same area.
10. Preparation of Apparatus
NOTE 6—The instructions given in this test method apply to most
spectrometers. However, some settings and adjustments may require
modification, and additional preparation of the equipment may be re-
quired. It is not within the scope of an ASTM test method to prescribe the
minute details of the apparatus preparation, which may differ not only for
each manufacturer, but also for different equipment from the same
manufacturer. For a description of and further details of operation for a
particular spectrometer, refer to the manufacturer’s manual(s).
10.1 Program the spectrometer to use the internal standard
lines and one of the analytical lines for each element listed in
Table 1. Multiple lines may be used for a given element (for
example, nickel) depending on the mass fraction range and the
individual spectrometer software.
10.2 Test the positioning of the spectrometer entrance slit to
ensure that peak radiation is entering the spectrometer cham-
ber. This shall be done initially and as often as necessary to
maintain proper entrance slit alignment. Follow the manufac-
turer’s recommended procedures. The laboratory will deter-
mine the frequency of positioning the alignment based on
instrument performance.
10.3 Exit slit positioning and alignment is normally per-
formed by the manufacturer at spectrometer assembly. Under
normal circumstances, further exit slit alignment is not neces-
sary (Note 7).
NOTE 7—The manner and frequency of positioning or checking the
position of the exit slits will depend on factors such as the type of
spectrometer, the variety of analytical problems encountered, and the
frequency of use. Each laboratory should establish a suitable check
procedure utilizing qualified service engineers.
11. Burn and Exposure
11.1 Electrical Parameters:
11.1.1 Burn parameters are normally established by the
spectrometer manufacturer. The following ranges are historical
guidelines and newer instruments may vary from these:
Triggered Capacitor Discharge
Capacitance, µF 10 to 15
Inductance, µH 50 to 70
Resistance, Ω 3 to 5
Potential, V 940 to 1000
Current, A, r-f 0.3 to 0.8
Number of discharges 60
11.1.2 When parameter values are established, maintain
them carefully. The variation of the power supply voltage shall
not exceed65 % and preferably should be held within62 %.
11.1.3 Initiation Circuit—The initiator circuit parameters
shall be adequate to uniformly trigger the capacitor discharge.
The following settings are historical guidelines and newer




Peak voltage, V 18 000
11.1.4 Other Electrical Parameters—Excitation units, on
which the precise parameters given in11.1.1and11.1.3are not
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available, may be used provided that it can be shown experi-
mentally that equivalent precision and accuracy are obtained.
11.2 Burn and Measurement Conditions—The following
ranges are normally adequate:
Argon flush period, s 5 to 15
Preburn period, s 5 to 20
Exposure period, s 3 to 30
Argon flow ft3/h L/min
Flush 5 to 45 2.5 to 25
Preburn 5 to 45 2.5 to 25
Exposure 5 to 30 2.5 to 15
11.2.1 Select preburn and exposure periods after a study of
volatization rates during specimen burns. Once established,
maintain the parameters consistently.
11.2.2 A high-purity argon atmosphere is required at the
analytical gap. Molecular gas impurities, such as nitrogen,
oxygen, hydrocarbons, or water vapor, either in the gas system
or from improperly prepared specimens, should be minimized.
11.3 Electrode System—The specimen, electrically
negative, serves as one electrode. The opposite electrode is a
tungsten or silver rod, the tip of which has been machined to a
90° or 120° angled cone. Use either a 3 mm, 4 mm, or 5 mm
(60.1 mm) analytical gap. Condition a fresh counter electrode
with two burns to six burns using the operating conditions
described in11.1and11.2.
11.4 Photomultiplier Potentials—The sensitivities of the
photomultipliers are normally established and set by the
spectrometer manufacturer based on the particular wavelengths
selected.
11.5 Semiconductor Detector Array—In newer instruments
semiconductor detector arrays are replacing PMTs. The width
of the individual pixels shall be similar to the width of the exit
slits used in conventional instruments equipped with PMTs.
12. Calibration, Standardization, and Verification
12.1 Calibration—Using the conditions given in11.1 –
11.3, measure calibrants and potential drift correction samples
in a random sequence, bracketing these with measurements of
any materials intended for use as verifiers. (A calibrant may be
used later as a verifier. See8.1.) There shall be at least three
calibrants for each element, spanning the required mass frac-
tion range. Measure each calibrant, drift correction sample, and
verifier two times to four times and use the average value. If
the spectrometer system and software permit, repeat with
different random sequences at least two times. Using the
averages of the data for each point, determine analytical curves
as directed in the spectrometer manufacturer’s software or
PracticeE305.
12.2 Standardization—Following the manufacturer’s
recommendations, standardize on an initial setup or anytime
that it is known or suspected that readings have shifted. Make
the necessary corrections either by adjusting the controls on the
readout or by applying arithmetic corrections. Standardization
shall be done anytime verification indicates that readings have
gone out of statistical control. In the case of automatic
corrections conducted by the spectrometer software, observe
the standardization factors and/or offsets. The factors and/or
offsets are often presented in the spectrometer software after
standardization and/or stored in log files. Refer to your
instrument manual or instrument manufacturer for access to
this information.
12.3 Verification—Verify that the instrument’s standardiza-
tion is valid immediately after each standardization and as
required in accordance with12.3.2.
12.3.1 Analyze verifiers in accordance with Section13. If
results do not fall within the control limits established in12.4,
run another standardization or investigate why the instrument
may be malfunctioning.
12.3.2 Each laboratory shall determine the necessary fre-
quency of verification based on statistical analysis. Typically
every 4 h to 8 h is practical and adequate. If the results are not
within the control limits established in12.4, perform a stan-
dardization and repeat verification. Repeat standardization as
necessary so verification results are within control limits or
investigate further for instrument problems.
12.4 Quality Control—Establish control limits in accor-
dance with ASTM MNL 7, PracticeE1329, or other equivalent
quality control procedure.
13. Measurements
13.1 Place the prepared surface of the specimen on the
sample stand so that measurement shall impinge on a location
approximately 6 mm (1⁄4 in.) from the edge of the specimen.
NOTE 8—With certain spectrometers, a properly burned specimen
usually exhibits a dark ring around the pitted sparked area. With that
equipment, a smooth texture, white burn without the characteristic dark
ring indicates an improperly burned specimen. If boron nitride disks are
used to mechanically restrict the burned area of the sample, a properly
burned specimen may not exhibit a dark ring.
13.2 Measure specimens in duplicate and report the average
of the duplicate results.
14. Calculation
14.1 Using the average results obtained in13.2, calculate
the mass fractions of the elements from the analytical curves
developed in12.1.
14.2 Rounding of test results obtained using this test method
shall be performed in accordance with the Rounding Method of
PracticeE29, unless an alternative rounding method is speci-
fied by the customer or applicable material specification.
15. Precision and Bias
15.1 Supporting data have been filed at ASTM International
Headquarters and may be obtained by requesting RR:E01-
1122.2 The interlaboratory test data summarized inTable 2
have been evaluated in accordance with PracticeE1601.
15.2 Precision—Up to eight laboratories cooperated in per-
forming this test method with thirteen unknown samples and
obtained the statistical information summarized inTable 2.
15.3 Bias—Differences between average composition deter-
mined by this method and the certified compositions provides
the bias found in the interlaboratory study. Bias information is
found in Table 2.
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Xbar r R Bias
Aluminum
Sample 1 7 0.016 0.0175 0.0034 0.0047 0.0015
Sample 2 7 0.041 0.0413 0.0037 0.0067 0.0003
Sample 3 8 0.015 0.0174 0.0013 0.0028 0.0024
Sample 4 8 0.018 0.0200 0.0006 0.0024 0.0020
Sample 5 8 0.062 0.0668 0.0042 0.0111 0.0048
Sample 6 8 0.0009 0.0023 0.0002 0.0022 0.0014
Sample 7 8 0.093 0.0890 0.0031 0.0152 -0.0040
Sample 8 7 0.021 0.0234 0.0015 0.0031 0.0024
Sample 9 7 0.03 0.0333 0.0017 0.0037 0.0033
Sample 10 8 0.024 0.0256 0.0009 0.0028 0.0016
Sample 11 8 0.027 0.0286 0.0010 0.0032 0.0016
Sample 12 8 0.017 0.0201 0.0012 0.0043 0.0031
Sample 13 7 0.0031 0.0010 0.0027
Antimony
Sample 1 7 0.027 0.0272 0.0026 0.0098 0.0002
Sample 2 5 0.0008 0.0007 0.0012
Sample 3 7 0.0014 0.0009 0.0022
Sample 4 6 0.0009 0.0007 0.0022
Sample 5 6 0.0004 0.0011 0.0007 0.0024 0.0007
Sample 6 8 0.0025 0.0026 0.0011 0.0033 0.0001
Sample 7 8 0.006 0.0062 0.0011 0.0029 0.0002
Sample 8 7 0.002 0.0017 0.0007 0.0022 -0.0003
Sample 9 5 0.0006 0.0005 0.0011
Sample 10 8 0.003 0.0019 0.0012 0.0037 -0.0011
Sample 11 6 0.0010 0.0008 0.0024
Sample 12 8 0.0015 0.0008 0.0028
Sample 13 7 0.0024 0.0010 0.0047
Arsenic
Sample 1 6 0.05 0.0459 0.0024 0.0116 -0.0041
Sample 2 6 0.003 0.0033 0.0008 0.0014 0.0003
Sample 3 7 0.0052 0.0008 0.0047
Sample 4 7 (<0.005) 0.0004 0.0006 0.0009
Sample 5 7 0.0035 0.0037 0.0008 0.0014 0.0002
Sample 6 7 0.0056 0.0071 0.0010 0.0021 0.0015
Sample 7 7 (0.005) 0.0065 0.0008 0.0048
Sample 8 6 0.007 0.0074 0.0008 0.0037 0.0004
Sample 9 6 0.0041 0.0009 0.0034
Sample 10 7 0.004 0.0053 0.0008 0.0035 0.0013
Sample 11 7 0.0044 0.0050 0.0009 0.0014 0.0006
Sample 12 7 0.007 0.0079 0.0012 0.0076 0.0009
Sample 13 6 0.07 0.0654 0.0077 0.0196 -0.0046
Boron
Sample 1 4 (0.00002) 0.0002 0.0001 0.0002
Sample 2 7 (0.0002) 0.0003 0.0001 0.0002
Sample 3 8 0.0004 0.0001 0.0004
Sample 4 8 (<0.0005) 0.0005 0.0001 0.0002
Sample 5 7 0.0002 0.0001 0.0002
Sample 6 8 0.0002 0.0003 0.0000 0.0002 0.0001
Sample 7 8 0.0047 0.0045 0.0004 0.0020 -0.0002
Sample 8 5 0.0002 0.0001 0.0005
Sample 9 4 0.0003 0.0000 0.0004
Sample 10 7 0.0002 0.0001 0.0002
Sample 11 8 0.0003 0.0001 0.0004
Sample 12 8 (0.0004) 0.0004 0.0001 0.0006
Sample 13 7 0.0005 0.0001 0.0002
Calcium
Sample 1 3 (<0.0001) 0.0001 0.0001 0.0003
Sample 2 4 (0.0005) 0.0001 0.0001 0.0001
Sample 3 8 0.0003 0.0001 0.0003
Sample 4 6 (0.001) 0.0002 0.0001 0.0002
Sample 5 4 (<0.0005) 0.0001 0.0001 0.0002
Sample 6 8 0.0012 0.0012 0.0003 0.0008 0.0000
Sample 7 8 0.0006 0.0001 0.0004
Sample 8 7 0.0003 0.0002 0.0004
Sample 9 7 0.002 0.0018 0.0004 0.0008 -0.0002
Sample 10 7 0.0003 0.0002 0.0001 0.0002 -0.0001
Sample 11 6 0.0001 0.0001 0.0002
Sample 12 3 (0.0001) 0.0001 0.0000 0.0002
Sample 13 7 0.0003 0.0003 0.0004
Carbon
Sample 1 7 0.211 0.2169 0.0073 0.0252 0.0059
Sample 2 7 0.142 0.1525 0.0084 0.0230 0.0105
Sample 3 8 0.13 0.1384 0.0072 0.0167 0.0084
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Sample 4 8 0.658 0.6605 0.0075 0.0163 0.0025
Sample 5 8 0.483 0.4892 0.0092 0.0124 0.0062
Sample 6 8 0.457 0.4687 0.0110 0.0156 0.0117
Sample 7 8 0.332 0.3251 0.0202 0.0279 -0.0069
Sample 8 7 0.128 0.1305 0.0045 0.0076 0.0025
Sample 9 7 0.12 0.1196 0.0039 0.0142 -0.0004
Sample 10 8 1.03 1.024 0.0170 0.0227 -0.006
Sample 11 8 0.255 0.2530 0.0072 0.0137 -0.0020
Sample 12 8 0.107 0.1114 0.0040 0.0115 0.0044
Sample 13 7 0.376 0.3593 0.0280 0.0280 -0.0167
Chromium
Sample 1 7 0.081 0.0797 0.0020 0.0066 -0.0013
Sample 2 7 0.044 0.0444 0.0009 0.0051 0.0004
Sample 3 8 4.22 4.209 0.0327 0.3209 -0.011
Sample 4 8 0.16 0.1564 0.0030 0.0133 -0.0036
Sample 5 8 0.021 0.0190 0.0012 0.0035 -0.0020
Sample 6 8 0.098 0.0973 0.0013 0.0079 -0.0007
Sample 7 8 5.11 5.086 0.0432 0.3534 -0.024
Sample 8 7 2.09 2.095 0.0169 0.0832 0.005
Sample 9 7 2.56 2.557 0.0167 0.1249 -0.003
Sample 10 8 1.36 1.356 0.0221 0.0911 -0.004
Sample 11 8 0.34 0.3334 0.0023 0.0255 -0.0066
Sample 12 8 8.22 8.143 0.0789 0.8918 -0.077
Sample 13 7 0.062 0.0650 0.0083 0.0083 0.0030
Cobalt
Sample 1 7 0.19 0.1885 0.0011 0.0217 -0.0015
Sample 2 7 0.005 0.0033 0.0002 0.0028 -0.0017
Sample 3 8 0.011 0.0116 0.0006 0.0026 0.0006
Sample 4 8 0.0019 0.0020 0.0009 0.0024 0.0001
Sample 5 8 0.005 0.0038 0.0006 0.0025 -0.0012
Sample 6 8 0.0078 0.0072 0.0007 0.0032 -0.0006
Sample 7 8 0.006 0.0071 0.0009 0.0026 0.0011
Sample 8 7 0.01 0.0096 0.0006 0.0033 -0.0004
Sample 9 7 0.0088 0.0009 0.0029
Sample 10 8 0.007 0.0068 0.0009 0.0028 -0.0002
Sample 11 8 0.01 0.0093 0.0009 0.0022 -0.0007
Sample 12 8 0.016 0.0160 0.0008 0.0041 0.0000
Sample 13 7 0.0061 0.0009 0.0032
Copper
Sample 1 7 0.023 0.0231 0.0011 0.0030 0.0001
Sample 2 7 0.03 0.0339 0.0014 0.0034 0.0039
Sample 3 8 0.11 0.1151 0.0045 0.0101 0.0051
Sample 4 8 0.151 0.1518 0.0070 0.0146 0.0008
Sample 5 8 0.015 0.0145 0.0007 0.0032 -0.0005
Sample 6 8 0.299 0.2993 0.0039 0.0254 0.0003
Sample 7 8 0.057 0.0569 0.0025 0.0058 -0.0001
Sample 8 7 0.177 0.1784 0.0034 0.0104 0.0014
Sample 9 7 0.08 0.0797 0.0034 0.0061 -0.0003
Sample 10 8 0.106 0.1068 0.0081 0.0130 0.0008
Sample 11 8 0.11 0.1094 0.0049 0.0103 -0.0006
Sample 12 8 0.115 0.1190 0.0050 0.0097 0.0040
Sample 13 7 0.051 0.0511 0.0031 0.0047 0.0001
Manganese
Sample 1 7 0.316 0.3153 0.0033 0.0130 -0.0007
Sample 2 7 1.12 1.148 0.0200 0.0373 0.028
Sample 3 8 0.44 0.4549 0.0058 0.0161 0.0149
Sample 4 8 0.82 0.8319 0.0176 0.0336 0.0119
Sample 5 8 0.72 0.7330 0.0081 0.0265 0.0130
Sample 6 8 0.772 0.7825 0.0116 0.0298 0.0105
Sample 7 8 0.169 0.1713 0.0033 0.0091 0.0023
Sample 8 7 0.441 0.4437 0.0066 0.0168 0.0027
Sample 9 7 0.55 0.5584 0.0075 0.0226 0.0084
Sample 10 8 0.33 0.3340 0.0075 0.0182 0.0040
Sample 11 8 1.42 1.445 0.0132 0.0551 0.025
Sample 12 8 0.333 0.3374 0.0028 0.0131 0.0044
Sample 13 7 0.8 0.8070 0.0251 0.0402 0.0070
Molybenum
Sample 1 7 0.05 0.0517 0.0016 0.0024 0.0017
Sample 2 7 0.008 0.0083 0.0002 0.0034 0.0003
Sample 3 8 0.47 0.4743 0.0095 0.0270 0.0043
Sample 4 8 0.019 0.0204 0.0009 0.0033 0.0014
Sample 5 8 0.005 0.0051 0.0004 0.0037 0.0001
Sample 6 8 0.0419 0.0417 0.0019 0.0026 -0.0002
Sample 7 8 1.28 1.307 0.0415 0.1200 0.027
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Sample 8 7 0.89 0.9044 0.0163 0.0798 0.0144
Sample 9 7 1.02 1.035 0.0128 0.1032 0.015
Sample 10 8 0.044 0.0448 0.0013 0.0024 0.0008
Sample 11 8 0.42 0.4210 0.0103 0.0168 0.0010
Sample 12 8 0.9 0.8976 0.0215 0.0490 -0.0024
Sample 13 7 0.2 0.1978 0.0228 0.0228 -0.0022
Nickel
Sample 1 7 0.43 0.4286 0.0044 0.0347 -0.0014
Sample 2 7 0.029 0.0316 0.0006 0.0027 0.0026
Sample 3 8 0.12 0.1290 0.0020 0.0091 0.0090
Sample 4 8 0.163 0.1682 0.0031 0.0116 0.0052
Sample 5 8 0.015 0.0146 0.0007 0.0031 -0.0004
Sample 6 8 0.154 0.1573 0.0018 0.0119 0.0033
Sample 7 8 0.445 0.4486 0.0074 0.0363 0.0036
Sample 8 7 0.197 0.1999 0.0021 0.0159 0.0029
Sample 9 7 0.25 0.2498 0.0033 0.0178 -0.0002
Sample 10 8 0.135 0.1356 0.0035 0.0115 0.0006
Sample 11 8 1.74 1.728 0.0237 0.0867 -0.012
Sample 12 8 0.123 0.1213 0.0023 0.0105 -0.0017
Sample 13 7 0.069 0.0694 0.0019 0.0071 0.0004
Niobium
Sample 1 7 0.003 0.0031 0.0003 0.0013 0.0001
Sample 2 7 0.041 0.0415 0.0015 0.0074 0.0005
Sample 3 8 0.002 0.0064 0.0004 0.0028 0.0044
Sample 4 8 0.024 0.0245 0.0021 0.0048 0.0005
Sample 5 5 (<0.002) 0.0003 0.0002 0.0006
Sample 6 7 0.0009 0.0005 0.0002 0.0007 -0.0004
Sample 7 8 0.122 0.1178 0.011 0.0215 -0.0042
Sample 8 7 (<0.003) 0.0036 0.0003 0.0018
Sample 9 7 0.0044 0.0003 0.0018
Sample 10 8 0.0021 0.0003 0.0015
Sample 11 8 0.0013 0.0003 0.0022
Sample 12 8 0.076 0.0839 0.0019 0.0139 0.0079
Sample 13 6 0.0005 0.0003 0.0006 0.0005
Nitrogen
Sample 1 7 0.0099 0.0083 0.0008 0.0048 -0.0016
Sample 2 7 0.0078 0.0010 0.0050
Sample 3 8 0.018 0.0228 0.0684 0.0684 0.0048
Sample 4 6 0.0011 0.0004 0.0029
Sample 5 8 0.0056 0.0040 0.0009 0.0050 -0.0016
Sample 6 8 0.0106 0.0099 0.0010 0.0055 -0.0007
Sample 7 8 0.0076 0.0094 0.0013 0.0054 0.0018
Sample 8 7 0.0097 0.0102 0.0012 0.0056 0.0005
Sample 9 7 0.0101 0.0009 0.0064
Sample 10 8 0.0084 0.0075 0.0007 0.0048 -0.0009
Sample 11 8 0.0066 0.0071 0.0008 0.0051 0.0005
Sample 12 6 0.055 0.0564 0.0026 0.0233 0.0014
Sample 13 7 0.0106 0.0010 0.0051
Phosphorous
Sample 1 7 0.018 0.0170 0.0007 0.0043 -0.0010
Sample 2 7 0.016 0.0183 0.0012 0.0053 0.0023
Sample 3 8 0.017 0.0159 0.0008 0.0047 -0.0011
Sample 4 8 0.011 0.0112 0.0010 0.0043 0.0002
Sample 5 8 0.01 0.0090 0.0007 0.0029 -0.0010
Sample 6 8 0.0096 0.0101 0.0018 0.0034 0.0005
Sample 7 8 0.006 0.0064 0.0008 0.0029 0.0004
Sample 8 7 0.012 0.0129 0.0008 0.0034 0.0009
Sample 9 7 0.01 0.0088 0.0006 0.0017 -0.0012
Sample 10 8 0.013 0.0164 0.0564 0.0567 0.0034
Sample 11 8 0.01 0.0087 0.0008 0.0019 -0.0013
Sample 12 8 0.008 0.0078 0.0008 0.0020 -0.0002
Sample 13 7 0.061 0.0584 0.0068 0.0105 -0.0026
Silicon
Sample 1 7 0.015 0.0127 0.0010 0.0071 -0.0023
Sample 2 7 0.058 0.0668 0.0012 0.0088 0.0088
Sample 3 8 0.27 0.2787 0.0043 0.0117 0.0087
Sample 4 8 0.5 0.4959 0.0074 0.0153 -0.0041
Sample 5 8 0.24 0.2251 0.0036 0.0094 -0.0149
Sample 6 8 0.21 0.2111 0.0030 0.0111 0.0011
Sample 7 8 0.775 0.7541 0.0157 0.0330 -0.0209
Sample 8 7 0.255 0.2520 0.0022 0.0100 -0.0030
Sample 9 7 0.32 0.3211 0.0039 0.0117 0.0011
Sample 10 8 0.32 0.3217 0.0057 0.0116 0.0017
Sample 11 8 1.54 1.519 0.0217 0.0612 -0.021
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Sample 12 8 0.327 0.3322 0.0043 0.0197 0.0052
Sample 13 7 0.31 0.3044 0.0082 0.0135 -0.0056
Sulfur
Sample 1 7 0.005 0.0460 0.0024 0.3116 0.0410
Sample 2 7 0.008 0.0076 0.0008 0.0031 -0.0004
Sample 3 8 0.015 0.0146 0.0010 0.0021 -0.0004
Sample 4 8 0.012 0.0135 0.0018 0.0044 0.0015
Sample 5 8 0.025 0.0232 0.0039 0.0064 -0.0018
Sample 6 8 0.0234 0.0221 0.0035 0.0054 -0.0013
Sample 7 8 0.033 0.0321 0.0038 0.0063 -0.0009
Sample 8 7 0.026 0.0241 0.0026 0.0056 -0.0019
Sample 9 7 0.003 0.0013 0.0005 0.0014 -0.0017
Sample 10 8 0.014 0.0144 0.0032 0.0046 0.0004
Sample 11 8 0.004 0.0046 0.0007 0.0007 0.0006
Sample 12 8 0.008 0.0076 0.0005 0.0023 -0.0004
Sample 13 7 0.047 0.0454 0.0082 0.0112 -0.0016
Tin
Sample 1 7 0.061 0.0588 0.0011 0.0079 -0.0022
Sample 2 7 0.002 0.0028 0.0008 0.0022 0.0008
Sample 3 8 0.008 0.0073 0.0003 0.0014 -0.0007
Sample 4 8 0.026 0.0263 0.0010 0.0028 0.0003
Sample 5 7 (0.0006) 0.0015 0.0002 0.0014
Sample 6 8 0.0124 0.0127 0.0006 0.0016 0.0003
Sample 7 8 0.005 0.0049 0.0003 0.0023 -0.0001
Sample 8 7 0.013 0.0135 0.0003 0.0015 0.0005
Sample 9 7 0.0047 0.0002 0.0019
Sample 10 8 0.006 0.0064 0.0010 0.0013 0.0004
Sample 11 8 0.006 0.0075 0.0003 0.0013 0.0015
Sample 12 8 0.009 0.0094 0.0021 0.0022 0.0004
Sample 13 7 0.054 0.0481 0.0043 0.0062 -0.0059
Titanium
Sample 1 7 0.004 0.0036 0.0002 0.0008 -0.0004
Sample 2 7 0.008 0.0076 0.0003 0.0009 -0.0004
Sample 3 8 0.003 0.0036 0.0002 0.0005 0.0006
Sample 4 8 0.015 0.0156 0.0011 0.0016 0.0006
Sample 5 7 (0.001) 0.0011 0.0001 0.0006
Sample 6 8 0.0009 0.0009 0.0001 0.0006 0.0000
Sample 7 8 0.034 0.0358 0.0028 0.0040 0.0018
Sample 8 7 (0.001) 0.0012 0.0001 0.0006
Sample 9 7 0.0017 0.0001 0.0006
Sample 10 8 0.003 0.0020 0.0010 0.0012 -0.0010
Sample 11 8 0.003 0.0037 0.0004 0.0007 0.0007
Sample 12 8 (0.002) 0.0027 0.0001 0.0006
Sample 13 7 0.01 0.0112 0.0022 0.0028 0.0012
Vanadium
Sample 1 7 0.01 0.0106 0.0008 0.0019 0.0006
Sample 2 7 0.012 0.0122 0.0007 0.0024 0.0002
Sample 3 8 0.016 0.0194 0.0008 0.0021 0.0034
Sample 4 8 0.012 0.0124 0.0010 0.0030 0.0004
Sample 5 7 (<0.002) 0.0012 0.0002 0.0014
Sample 6 8 0.0295 0.0298 0.0009 0.0029 0.0003
Sample 7 8 0.802 0.8233 0.0205 0.0403 0.0213
Sample 8 7 0.003 0.0036 0.0005 0.0013 0.0006
Sample 9 7 0.015 0.0134 0.0009 0.0020 -0.0016
Sample 10 8 0.005 0.0046 0.0004 0.0015 -0.0004
Sample 11 8 0.003 0.0020 0.0003 0.0020 -0.0010
Sample 12 8 0.236 0.2366 0.0062 0.0163 0.0006
Sample 13 7 0.0036 0.0025 0.0031
Zirconium
Sample 1 6 (0.01) 0.0278 0.0096 0.0108
Sample 2 6 0.022 0.0173 0.0055 0.0061 -0.0047
Sample 3 7 0.0005 0.0002 0.0019
Sample 4 7 0.0003 0.0001 0.0006
Sample 5 7 0.0002 0.0001 0.0004
Sample 6 7 0.0007 0.0003 0.0001 0.0005 -0.0004
Sample 7 7 0.052 0.0513 0.0126 0.0190 -0.0007
Sample 8 5 0.0004 0.0001 0.0015
Sample 9 6 0.0005 0.0006 0.0023
Sample 10 7 0.0003 0.0002 0.0008
Sample 11 7 0.0003 0.0001 0.0011
Sample 12 7 (0.001) 0.0007 0.0001 0.0034
Sample 13 6 0.0003 0.0001 0.0006
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Anexo 2. Norma ASTM_E 18-15 
Designation: E18 − 15 An American National Standard
Standard Test Methods for
Rockwell Hardness of Metallic Materials 1,2
This standard is issued under the fixed designation E18; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (́ ) indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the U.S. Department of Defense.
1. Scope*
1.1 These test methods cover the determination of the
Rockwell hardness and the Rockwell superficial hardness of
metallic materials by the Rockwell indentation hardness prin-
ciple. This standard provides the requirements for Rockwell
hardness machines and the procedures for performing Rock-
well hardness tests.
1.2 This standard includes additional requirements in an-
nexes:
Verification of Rockwell Hardness Testing Machines Annex A1
Rockwell Hardness Standardizing Machines Annex A2
Standardization of Rockwell Indenters Annex A3
Standardization of Rockwell Hardness Test Blocks Annex A4
Guidelines for Determining the Minimum Thickness of a
Test Piece
Annex A5
Hardness Value Corrections When Testing on Convex
Cylindrical Surfaces
Annex A6
1.3 This standard includes nonmandatory information in
appendixes which relates to the Rockwell hardness test.




Examples of Procedures for Determining Rockwell
Hardness Uncertainty
Appendix X2
1.4 Units—At the time the Rockwell hardness test was
developed, the force levels were specified in units of
kilograms-force (kgf) and the indenter ball diameters were
specified in units of inches (in.). This standard specifies the
units of force and length in the International System of Units
(SI); that is, force in Newtons (N) and length in millimeters
(mm). However, because of the historical precedent and
continued common usage, force values in kgf units and ball
diameters in inch units are provided for information and much
of the discussion in this standard refers to these units.
1.5 The test principles, testing procedures, and verification
procedures are essentially identical for both the Rockwell and
Rockwell superficial hardness tests. The significant differences
between the two tests are that the test forces are smaller for the
Rockwell superficial test than for the Rockwell test. The same
type and size indenters may be used for either test, depending
on the scale being employed. Accordingly, throughout this
standard, the term Rockwell will imply both Rockwell and
Rockwell superficial unless stated otherwise.
1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.
2. Referenced Documents
2.1 ASTM Standards:3
A370Test Methods and Definitions for Mechanical Testing
of Steel Products
A623Specification for Tin Mill Products, General Require-
ments
A623MSpecification for Tin Mill Products, General Re-
quirements [Metric]
B19Specification for Cartridge Brass Sheet, Strip, Plate,
Bar, and Disks
B36/B36MSpecification for Brass Plate, Sheet, Strip, And
Rolled Bar
B96/B96MSpecification for Copper-Silicon Alloy Plate,
Sheet, Strip, and Rolled Bar for General Purposes and
Pressure Vessels
B103/B103MSpecification for Phosphor Bronze Plate,
Sheet, Strip, and Rolled Bar
B121/B121MSpecification for Leaded Brass Plate, Sheet,
Strip, and Rolled Bar
B122/B122MSpecification for Copper-Nickel-Tin Alloy,
Copper-Nickel-Zinc Alloy (Nickel Silver), and Copper-
Nickel Alloy Plate, Sheet, Strip, and Rolled Bar
B130Specification for Commercial Bronze Strip for Bullet
Jackets
B134/B134MSpecification for Brass Wire
1 These test methods are under the jurisdiction of ASTM CommitteeE28 on
Mechanical Testing and are the direct responsibility of SubcommitteeE28.06on
Indentation Hardness Testing.
Current edition approved Feb. 1, 2015. Published March 2015. Originally
approved in 1932. Last previous edition approved in 2014 as E18 – 14a. DOI:
10.1520/E0018-15.
2 In this test method, the term Rockwell refers to an internationally recognized
type of indentation hardness test as defined in Section3, and not to the hardness
testing equipment of a particular manufacturer.
3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
*A Summary of Changes section appears at the end of this standard
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B152/B152MSpecification for Copper Sheet, Strip, Plate,
and Rolled Bar
B370Specification for Copper Sheet and Strip for Building
Construction
E29Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications
E92Test Method for Vickers Hardness of Metallic Materials
(Withdrawn 2010)4
E140Hardness Conversion Tables for Metals Relationship
Among Brinell Hardness, Vickers Hardness, Rockwell
Hardness, Superficial Hardness, Knoop Hardness, Sclero-
scope Hardness, and Leeb Hardness
E384Test Method for Knoop and Vickers Hardness of
Materials
E691Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method




ISO 6508-1Metallic Materials—Rockwell Hardness Test—
Part 1: Test Method (scales A, B, C, D, E, F, G, H, K, N,
T)6
ISO/IEC 17011Conformity Assessment—General Require-
ments for Accreditation Bodies Accrediting Conformity
Assessment Bodies6
ISO/IEC 17025General Requirements for the Competence
of Testing and Calibration Laboratories6
2.4 Society of Automotive Engineers (SAE) Standard:
SAE J417Hardness Tests and Hardness Number Conver-
sions7
3. Terminology and Equations
3.1 Definitions:
3.1.1 calibration—determination of the values of the sig-
nificant parameters by comparison with values indicated by a
reference instrument or by a set of reference standards.
3.1.2 verification—checking or testing to assure confor-
mance with the specification.
3.1.3 standardization—to bring in conformance to a known
standard through verification or calibration.
3.1.4 Rockwell hardness test—an indentation hardness test
using a verified machine to force a diamond spheroconical
indenter or tungsten carbide (or steel) ball indenter, under
specified conditions, into the surface of the material under test,
and to measure the difference in depth of the indentation as the
force on the indenter is increased from a specified preliminary
test force to a specified total test force and then returned to the
preliminary test force.
3.1.5 Rockwell superficial hardness test—same as the Rock-
well hardness test except that smaller preliminary and total test
forces are used with a shorter depth scale.
3.1.6 Rockwell hardness number—a number derived from
the net increase in the depth of indentation as the force on an
indenter is increased from a specified preliminary test force to
a specified total test force and then returned to the preliminary
test force.
3.1.7 Rockwell hardness machine—a machine capable of
performing a Rockwell hardness test and/or a Rockwell super-
ficial hardness test and displaying the resulting Rockwell
hardness number.
3.1.7.1 Rockwell hardness testing machine—a Rockwell
hardness machine used for general testing purposes.
3.1.7.2 Rockwell hardness standardizing machine—a Rock-
well hardness machine used for the standardization of Rock-
well hardness indenters, and for the standardization of Rock-
well hardness test blocks. The standardizing machine differs
from a regular Rockwell hardness testing machine by having
tighter tolerances on certain parameters.
3.2 Equations:
3.2.1 TheaverageH̄ of a set ofn hardness measurements





3.2.2 Theerror E in the performance of a Rockwell hard-
ness machine at each hardness level, relative to a standardized
scale, is determined as:
E 5 H̄ 2 HSTD (2)
where:
H̄ = average of n hardness measurementsH1, H2, …, Hn
made on a standardized test block as part of a
performance verification, and
HSTD = certified average hardness value of the standardized
test block.
3.2.3 Therepeatability Rin the performance of a Rockwell
hardness machine at each hardness level, under the particular
verification conditions, is estimated by the range ofn hardness
measurements made on a standardized test block as part of a
performance verification, defined as:
R 5 Hmax2 Hmin (3)
where:
Hmax = highest hardness value, and
Hmin = lowest hardness value.
4. Significance and Use
4.1 The Rockwell hardness test is an empirical indentation
hardness test that can provide useful information about metallic
materials. This information may correlate to tensile strength,
wear resistance, ductility, and other physical characteristics of
metallic materials, and may be useful in quality control and
selection of materials.
4 The last approved version of this historical standard is referenced on
www.astm.org.
5 Available from American Bearing Manufacturers Association (ABMA), 2025
M Street, NW, Suite 800, Washington, DC 20036.
6 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036, http://www.ansi.org.
7 Available from Society of Automotive Engineers (SAE), 400 Commonwealth
Dr., Warrendale, PA 15096-0001, http://www.sae.org.
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4.2 Rockwell hardness tests are considered satisfactory for
acceptance testing of commercial shipments, and have been
used extensively in industry for this purpose.
4.3 Rockwell hardness testing at a specific location on a part
may not represent the physical characteristics of the whole part
or end product.
4.4 Adherence to this standard test method provides trace-
ability to national Rockwell hardness standards except as stated
otherwise.
5. Principles of Test and Apparatus
5.1 Rockwell Hardness Test Principle—The general prin-
ciple of the Rockwell indentation hardness test is illustrated in
Fig. 1. The test is divided into three steps of force application
and removal.
Step 1—The indenter is brought into contact with the test
specimen, and the preliminary test forceF0 is applied. After
holding the preliminary test force for a specified dwell time,
the baseline depth of indentation is measured.
Step 2—The force on the indenter is increased at a
controlled rate by the additional test forceF1 to achieve the
total test forceF. The total test force is held for a specified
dwell time.
Step 3—The additional test force is removed, returning to
the preliminary test force. After holding the preliminary test
force for a specified dwell time, the final depth of indentation
is measured. The Rockwell hardness value is derived from the
differenceh in the final and baseline indentation depths while
under the preliminary test force. The preliminary test force is
removed and the indenter is removed from the test specimen.
5.1.1 There are two general classifications of the Rockwell
test: the Rockwell hardness test and the Rockwell superficial
hardness test. The significant difference between the two test
classifications is in the test forces that are used. For the
Rockwell hardness test, the preliminary test force is 10 kgf (98
N) and the total test forces are 60 kgf (589 N), 100 kgf (981 N),
and 150 kgf (1471 N). For the Rockwell superficial hardness
test, the preliminary test force is 3 kgf (29 N) and the total test
forces are 15 kgf (147 N), 30 kgf (294 N), and 45 kgf (441 N).
5.1.2 Indenters for the Rockwell hardness test include a
diamond spheroconical indenter and tungsten carbide ball
indenters of specified diameters.
5.1.2.1 Steel indenter balls may be used only for testing thin
sheet tin mill products specified in SpecificationsA623 and
A623M using the HR15T and HR30T scales with a diamond
spot anvil. Testing of this product may give significantly
differing results using a tungsten carbide ball as compared to
historical test data using a steel ball.
NOTE 1—Previous editions of this standard have stated that the steel
ball was the standard type of Rockwell indenter ball. The tungsten carbide
ball is considered the standard type of Rockwell indenter ball. The use of
tungsten carbide balls provide an improvement to the Rockwell hardness
test because of the tendency of steel balls to flatten with use, which results
in an erroneously elevated hardness value. The user is cautioned that
Rockwell hardness tests comparing the use of steel and tungsten carbide
balls have been shown to give different results. For example, depending on
the material tested and its hardness level, Rockwell B scale tests using a
tungsten carbide ball indenter have given results approximately one
Rockwell point lower than when a steel ball indenter is used.
5.1.3 The Rockwell hardness scales are defined by the
combinations of indenter and test forces that may be used. The
standard Rockwell hardness scales and typical applications of
the scales are given inTables 1 and 2. Rockwell hardness
values shall be determined and reported in accordance with one
of these standard scales.
5.2 Calculation of the Rockwell Hardness Number—During
a Rockwell test, the force on the indenter is increased from a
preliminary test force to a total test force, and then returned to
the preliminary test force. The difference in the two indentation
depth measurements, while under the preliminary test force, is
measured ash (seeFig. 1).
5.2.1 The unit measurement forh is mm. From the value of
h, the Rockwell hardness number is derived. The Rockwell
hardness number is calculated as:
5.2.1.1 For scales using a diamond spheroconical indenter









whereh is in mm.









whereh is in mm.
5.2.2 The Rockwell hardness number is an arbitrary
number, which, by method of calculation, results in a higher
number for harder material.
5.2.3 Rockwell hardness values shall not be designated by a
number alone because it is necessary to indicate which indenter
and forces have been employed in making the test (seeTables
1 and 2). Rockwell hardness numbers shall be quoted with a
scale symbol representing the indenter and forces used. The
hardness number is followed by the symbol HR and the scale
designation. When a ball indenter is used, the scale designationFIG. 1 Rockwell Hardness Test Method (Schematic Diagram)
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is followed by the letter “W” to indicate the use of a tungsten
carbide ball or the letter “S” to indicate the use of a steel ball
(see5.1.2.1).
5.2.3.1 Examples:
64 HRC = Rockwell hardness number of 64 on Rockwell C scale
81 HR30N = Rockwell superficial hardness number of 81 on the Rockwell
30N scale
72 HRBW = Rockwell hardness number of 72 on the Rockwell B scale
using a tungsten carbide ball indenter
5.2.4 A reported Rockwell hardness number or the average
value of Rockwell hardness measurements shall be rounded in
accordance with PracticeE29with a resolution no greater than
the resolution of the hardness value display of the testing
machine. Typically, the resolution of a Rockwell hardness
number should not be greater than 0.1 Rockwell units.
NOTE 2—When the Rockwell hardness test is used for the acceptance
testing of commercial products and materials, the user should take into
account the potential measurement differences between hardness testing
machines allowed by this standard (see Section10, Precision and Bias).
Because of the allowable ranges in the tolerances for the repeatability and
error of a testing machine, as specified in the verification requirements of
Annex A1, one testing machine may have a test result that is one or more
hardness points different than another testing machine, yet both machines
can be within verification tolerances (seeTable A1.3). Commonly for
acceptance testing, Rockwell hardness values are rounded to whole
numbers following PracticeE29. Users are encouraged to address round-
ing practices with regards to acceptance testing within their quality
management system, and make any special requirements known during
contract review.
5.3 Rockwell Testing Machine—The Rockwell testing ma-
chine shall make Rockwell hardness determinations by apply-
ing the test forces and measuring the depth of indentation in
accordance with the Rockwell hardness test principle.
5.3.1 See the Equipment Manufacturer’s Instruction Manual
for a description of the machine’s characteristics, limitations,
and respective operating procedures.
5.3.2 The Rockwell testing machine shall automatically
convert the depth measurements to a Rockwell hardness
number and indicate the hardness number and Rockwell scale
by an electronic device or by a mechanical indicator.
5.4 Indenters—The standard Rockwell indenters are either
diamond spheroconical indenters or tungsten carbide balls of
1.588 mm (1⁄16 in.), 3.175 mm (1⁄8 in.), 6.350 mm (1⁄4 in.), or
12.70 mm (1⁄2 in.) in diameter. Indenters shall meet the
requirements defined inAnnex A3. Steel ball indenters may be
used in certain circumstances (see5.1.2.1).
5.4.1 Dust, dirt, or other foreign materials shall not be
allowed to accumulate on the indenter, as this will affect the
test results.
NOTE 3—Indenters certified to revision E18-07 or later meet the
requirements of this standard.
5.5 Specimen Support—A specimen support or “anvil” shall
be used that is suitable for supporting the specimen to be
tested. The seating and supporting surfaces of all anvils shall be
clean and smooth and shall be free from pits, deep scratches,
and foreign material. Damage to the anvil may occur from
testing too thin material or accidental contact of the anvil by
the indenter. If the anvil is damaged from any cause, it shall be
repaired or replaced. Anvils showing the least visibly percep-
tible damage may give inaccurate results, particularly on thin
material.
5.5.1 Common specimen support anvils should have a
minimum hardness of 58 HRC. Some specialty support anvils
require a lower material hardness.








Typical Applications of Scales
B 1⁄16-in. (1.588-mm) ball 100 red Copper alloys, soft steels, aluminum alloys, malleable iron, etc.
C diamond 150 black Steel, hard cast irons, pearlitic malleable iron, titanium, deep case hardened steel, and other
materials harder than B100.
A diamond 60 black Cemented carbides, thin steel, and shallow case-hardened steel.
D diamond 100 black Thin steel and medium case hardened steel, and pearlitic malleable iron.
E 1⁄8-in. (3.175-mm) ball 100 red Cast iron, aluminum and magnesium alloys, bearing metals.
F 1⁄16-in. (1.588-mm) ball 60 red Annealed copper alloys, thin soft sheet metals.
G 1⁄16-in. (1.588-mm) ball 150 red Malleable irons, copper-nickel-zinc and cupro-nickel alloys. Upper limit G92 to avoid possible
flattening of ball.
H 1⁄8-in. (3.175-mm) ball 60 red Aluminum, zinc, lead.
K 1⁄8-in. (3.175-mm) ball 150 red
6
L 1⁄4-in. (6.350-mm) ball 60 red
M 1⁄4-in. (6.350-mm) ball 100 red Bearing metals and other very soft or thin materials. Use smallest ball and heaviest load that does
P 1⁄4-in. (6.350-mm) ball 150 red not give anvil effect.
R 1⁄2-in. (12.70-mm) ball 60 red
S 1⁄2-in. (12.70-mm) ball 100 red
V 1⁄2-in. (12.70-mm) ball 150 red














15 (147) 15N 15T 15W 15X 15Y
30 (294) 30N 30T 30W 30X 30Y
45 (441) 45N 45T 45W 45X 45Y
E18 − 15
4
5.5.2 Flat pieces should be tested on a flat anvil that has a
smooth, flat bearing surface whose plane is perpendicular to
the axis of the indenter.
5.5.3 Small diameter cylindrical pieces shall be tested with
a hard V-grooved anvil with the axis of the V-groove directly
under the indenter, or on hard, parallel, twin cylinders properly
positioned and clamped in their base. These types of specimen
supports shall support the specimen with the apex of the
cylinder directly under the indenter.
5.5.4 For thin materials or specimens that are not perfectly
flat, an anvil having an elevated, flat “spot” 3 mm (1⁄8 in.) to
12.5 mm (1⁄2 in.) in diameter should be used. This spot shall be
polished smooth and flat. Very soft material should not be
tested on the “spot” anvil because the applied force may cause
the penetration of the anvil into the under side of the specimen
regardless of its thickness.
5.5.5 When testing thin sheet metal with a ball indenter, it is
recommended that a diamond spot anvil be used. The highly
polished diamond surface shall have a diameter between 4.0
mm (0.157 in.) and 7.0 mm (0.2875 in.) and be centered within
0.5 mm (0.02 in.) of the test point.
5.5.5.1 CAUTION: A diamond spot anvil should only be
used with a maximum total test force of 45 kgf (441 N) and a
ball indenter. This recommendation should be followed except
when directed otherwise by material specification.
5.5.6 Special anvils or fixtures, including clamping fixtures,
may be required for testing pieces or parts that cannot be
supported by standard anvils. Auxiliary support may be used
for testing long pieces with so much overhang that the piece is
not firmly seated by the preliminary force.
5.6 Verification—Rockwell testing machines shall be veri-
fied periodically in accordance withAnnex A1.
5.7 Test Blocks—Test blocks meeting the requirements of
Annex A4 shall be used to verify the testing machine in
accordance withAnnex A1.
NOTE 4—Test blocks certified to revision E18-07 or later meet the
requirements of this standard.
NOTE 5—It is recognized that appropriate standardized test blocks are
not available for all geometric shapes, or materials, or both.
6. Test Piece
6.1 For best results, both the test surface and the bottom
surface of the test piece should be smooth, even and free from
oxide scale, foreign matter, and lubricants. An exception is
made for certain materials such as reactive metals that may
adhere to the indenter. In such situations, a suitable lubricant
such as kerosene may be used. The use of a lubricant shall be
defined on the test report.
6.2 Preparation shall be carried out in such a way that any
alteration of the surface hardness of the test surface (for
example, due to heat or cold-working) is minimized.
6.3 The thickness of the test piece or of the layer under test
should be as defined in tables and presented graphically in
AnnexA5. These tables were determined from studies on strips
of carbon steel and have proven to give reliable results. For all
other materials, it is recommended that the thickness should
exceed 10 times the depth of indentation. In general, no
deformation should be visible on the back of the test piece after
the test, although not all such marking is indicative of a bad
test.
6.3.1 Special consideration should be made when testing
parts that exhibit hardness gradients; for example, parts that
were case-hardened by processes such as carburizing,
carbonitriding, nitriding, induction, etc. The minimum thick-
ness guidelines given inAnnex A5only apply to materials of
uniform hardness, and should not be used to determine the
appropriate scale for measuring parts with hardness gradients.
The selection of an appropriate Rockwell scale for parts with
hardness gradients should be made by special agreement.
NOTE 6—A table listing the minimum effective case depth needed for
different Rockwell scales is given in SAE J417.
6.4 When testing on convex cylindrical surfaces, the result
may not accurately indicate the true Rockwell hardness;
therefore, the corrections given inAnnex A6shall be applied.
For diameters between those given in the tables, correction
factors may be derived by linear interpolation. Tests performed
on diameters smaller than those given inA nex A6 are not
acceptable. Corrections for tests on spherical and concave
surfaces should be the subject of special agreement.
NOTE 7—A table of correction values to be applied to test results made
on spherical surfaces is given in ISO 6508-1.
6.5 When testing small diameter specimens, the accuracy of
the test will be seriously affected by alignment between the
indenter and the test piece, by surface finish, and by the
straightness of the cylinder.
7. Test Procedure
7.1 A daily verification of the testing machine shall be
performed in accordance withA1.5 prior to making hardness
tests. Hardness measurements shall be made only on the
calibrated surface of the test block.
7.2 Rockwell hardness tests should be carried out at ambient
temperature within the limits of 10 to 35°C (50 to 95°F). Users
of the Rockwell hardness test are cautioned that the tempera-
ture of the test material and the temperature of the hardness
tester may affect test results. Consequently, users should ensure
that the test temperature does not adversely affect the hardness
measurement.
7.3 The test piece shall be supported rigidly so that displace-
ment of the test surface is minimized (see5.5).
7.4 Test Cycle—This standard specifies the Rockwell test
cycle by stating recommendations or requirements for five
separate parts of the cycle. These parts are illustrated for a
Rockwell C scale test inFig. 2, and defined as follows:
(1) Contact Velocity, vA—The velocity of the indenter at the
point of contact with the test material.
(2) Preliminary Force Dwell Time, tPF—The dwell time
beginning when the preliminary force is fully applied and
ending when the first baseline depth of indentation is
measured, (also see7.4.1.3).
(3) Additional Force Application Time, tTA—The time for
applying the additional force to obtain the full total force.
(4) Total Force Dwell Time, tTF—The dwell time while the
total force is fully applied.
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(5) Dwell Time for Elastic Recovery, tR—The dwell time at
the preliminary force level, beginning when the additional
force is fully removed, and ending when the second and final
depth of indentation is measured.
7.4.1 The standard Rockwell test cycle is specified inTable
3. The test cycle used for Rockwell hardness tests shall be in
accordance with these test cycle values and tolerances (see
Note 8), with the following exceptions.
7.4.1.1 Precautions for Materials Having Excessive Time-
Dependent Plasticity (Indentation Creep)—In the case of
materials exhibiting excessive plastic flow after application of
the total test force, special considerations may be necessary
since the indenter will continue to penetrate. When materials
require the use of a longer total force dwell time than for the
standard test cycle stated inTable 3, this should he specified in
the product specification. In these cases, the actual extended
total force dwell time used shall be recorded and reported after
the test results (for example, 65 HRFW, 10 s).
7.4.1.2 There are testing conditions that may require that the
indenter contact velocity exceed the recommended maximum
stated inTable 3. The user should ensure that the higher contact
velocity does not cause a shock or overload which would affect
the hardness result. It is recommended that comparison tests be
made on the same test material using a test cycle within the
requirements stated inTable 3.
7.4.1.3 For testing machines that take 1 s or longer to apply
the preliminary forcetPA, the preliminary force dwell time
value tPF shall be adjusted before comparing the parameter
with the tolerances ofTable 3by adding to it one half oftPA as
tPA
2
1tPF. For testing machines that apply the preliminary force
tPA in 1 s or less, this adjustment to the preliminary force dwell
time valuetPF is optional.
NOTE 8—It is recommended that the test cycle to be used with the
hardness machine match, as closely as possible, the test cycle used for the
indirect verification of the hardness machine. Varying the values of the
testing cycle parameters within the tolerances ofTable 3 can produce
different hardness results.
7.5 Test Procedure—There are many designs of Rockwell
hardness machines, requiring various levels of operator con-
trol. Some hardness machines can perform the Rockwell
hardness test procedure automatically with almost no operator
influence, while other machines require the operator to control
most of the test procedure.
7.5.1 Bring the indenter into contact with the test surface in
a direction perpendicular to the surface and, if possible, at a
velocity within the recommended maximum contact velocity
vA.
7.5.2 Apply the preliminary test forceF0 of 10 kgf (98 N)
for the Rockwell hardness test or 3 kgf (29 N) for the Rockwell
superficial hardness test.
7.5.3 Maintain the preliminary force for the specified pre-
liminary force dwell timetPF.
7.5.4 At the end of the preliminary force dwell timetPF,
immediately establish the reference position of the baseline
depth of indentation (see manufacturer’s Instruction Manual).
7.5.5 Increase the force by the value of the additional test
forceF1 needed to obtain the required total test forceF for a
given hardness scale (seeTables 1 and 2). The additional force
F1 shall be applied in a controlled manner within the specified
application time rangetTA.
7.5.6 Maintain the total forceF for the specified total force
dwell time tTF.
7.5.7 Remove the additional test forceF1 while maintaining
the preliminary test forceF0.
7.5.8 Maintain the preliminary test forceF0 for an appro-
priate time to allow elastic recovery in the test material and the
stretch of the frame to be factored out.
7.5.9 At the end of the dwell time for elastic recovery,
immediately establish the final depth of indentation (see
manufacturer’s Instruction Manual). The testing machine shall
calculate the difference between the final and baseline depth
measurements and indicate the resulting Rockwell hardness
value. The Rockwell hardness number is derived from the
FIG. 2 Schematic of Force-Time Plot (a) and Indenter Depth-Tim e
Plot (b) of an HRC Test Illustrating the Test Cycle Parts
TABLE 3 Test Cycle Tolerances
Test Cycle Parameter Tolerance
Indenter contact velocity, vA (recommended) #2.5 mm/s
Dwell time for preliminary force, tPF (when the time to apply





0.1 to 4.0 s
Time for application of additional force, tTA 1.0 to 8.0 s
Dwell time for total force, tTF 2.0 to 6.0 s
Dwell time for elastic recovery, tR 0.2 to 5.0 s
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differential increase in depth of indentation as defined inEq 4,
Eq 5, Eq 6, andEq 7.
7.6 Throughout the test, the apparatus shall be protected
from shock or vibration that could affect the hardness mea-
surement result.
7.7 After each change, or removal and replacement, of the
indenter or the anvil, at least two preliminary indentations shall
be made to ensure that the indenter and anvil are seated
properly. The results of the preliminary indentations shall be
disregarded.
7.8 After each change of a test force or removal and
replacement of the indenter or the anvil, it is strongly recom-
mended that the operation of the machine be checked in
accordance with the daily verification method specified in
Annex A1.
7.9 Indentation Spacing—The hardness of the material im-
mediately surrounding a previously made indentation will
usually increase due to the induced residual stress and work-
hardening caused by the indentation process. If a new inden-
tation is made in this affected material, the measured hardness
value will likely be higher than the true hardness of the
material as a whole. Also, if an indentation is made too close
to the edge of the material or very close to a previously made
indentation, there may be insufficient material to constrain the
deformation zone surrounding the indentation. This can result
in an apparent lowering of the hardness value. Both of these
circumstances can be avoided by allowing appropriate spacing
between indentations and from the edge of the material.
7.9.1 The distance between the centers of two adjacent
indentations shall be at least three times the diameterd of the
indentation (seeFig. 3).
7.9.2 The distance from the center of any indentation to an
edge of the test piece shall be at least two and a half times the
diameter of the indentation (seeFig. 3).
8. Conversion to Other Hardness Scales or Tensile
Strength Values
8.1 There is no general method of accurately converting the
Rockwell hardness numbers on one scale to Rockwell hardness
numbers on another scale, or to other types of hardness
numbers, or to tensile strength values. Such conversions are, at
best, approximations and, therefore, should be avoided except
for special cases where a reliable basis for the approximate
conversion has been obtained by comparison tests.
NOTE 9—The Standard Hardness Conversion Tables for Metals,E140,
give approximate conversion values for specific materials such as steel,
austenitic stainless steel, nickel and high-nickel alloys, cartridge brass,
copper alloys, and alloyed white cast irons. The Rockwell hardness data in
the conversion tables ofE140was determined using steel ball indenters.
NOTE 10—ASTM standards giving approximate hardness-tensile
strength relationships are listed inAppendix X1.
9. Report
9.1 The test report shall include the following information:
9.1.1 The Rockwell hardness number. All reports of Rock-
well hardness numbers shall indicate the scale used. The
reported number shall be rounded in accordance with Practice
E29 (see5.2.4andNote 2),
9.1.2 The total force dwell time, if outside the specified
standard test cycle tolerances (seeTable 3), and
9.1.3 The ambient temperature at the time of test, if outside
the limits of 10 to 35°C (50 to 95°F), unless it has been shown
not to affect the measurement result.
10. Precision and Bias8, 9
10.1 Precision—A Rockwell hardness precision and bias
study was conducted in 2000 in accordance with Practice
E691. Tests were performed in the following six Rockwell
scales: HRA, HRC, HRBS, HR30N, HR30TS, and HRES. The
tests in the HRBS, HR30TS and HRES scales were made using
steel ball indenters. A total of 18 Rockwell scale hardness test
blocks of the type readily available were used for this study.
Test blocks at three different hardness levels (high, medium,
and low) in each scale were tested three times each. The results
from the first study are filed under ASTM Research Report
RR:E28-1021.8,9
10.2 Starting with version E18-05, this standard changed
from the use of steel balls to carbide balls for all scales that use
a ball indenter. Due to this change, a second study was
conducted in 2006. The second study was performed in
accordance with PracticeE691and was identical to the initial
study except it was limited to the HRBW, HR30TW, and
HREW scales, all of which use carbide ball indenters. The
results from that study are filed under ASTM Research Report
RR:E28-1022.
10.3 A total of 14 different labs participated in the two
studies. Eight participated in the first study and nine in the
second study. Three labs participated in both studies. The labs
chosen to participate in this study were a combination of
commercial testing labs (6), in-house labs (5) and test block
manufacturer’s calibration labs (3). Each lab was instructed to
test each block in three specific locations around the surface of
the blocks. All testing was to be done according to ASTM
E18-05.
10.4 The results given inTable 4may be useful in inter-
preting measurement differences. It is a combination of the two
8 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:E28-1021.
9 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:E28-1022.FIG. 3 Schematic of Minimum Indentation Spacing
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studies. The diamond scales, HRC, HRA, and HR30N are from
the first study and the ball scales, HRBW, HREW, and
HR30TW are from the second study. This combination reflects
the testing that is being done currently.
10.5 The value ofrPB indicates the typical amount of
variation that can be expected between test results obtained for
the same material by the same operator using the same
hardness tester on the same day. When comparing two test
results made under these conditions, a measurement difference
of less than therPB value for that Rockwell scale is an
indication that the results may be equivalent.
10.6 The value ofRPB indicates the typical amount of
variation that can be expected between test results obtained for
the same material by different operators using different hard-
ness testers on different days. When comparing two test results
made under these conditions, a measurement difference of less
than theRPB value for that Rockwell scale is an indication that
the results may be equivalent.
10.7 Any judgments based on10.5and10.6would have an
approximately 95 % probability of being correct.
10.8 This precision and bias study was conducted on a
selected number of the most commonly used Rockwell scales.
For Rockwell scales not listed, therPB andRPB values may be
estimated using the conversion tables ofE140to determine a
corresponding increment of hardness for the scale of interest at
the hardness level of interest. The user is cautioned that
estimating therPB andRPB values in this way, decreases the
probability of them being correct.
10.9 Although the precision values given inTable 4provide
guidance on interpreting differences in Rockwell hardness
measurement results, a complete evaluation of measurement
uncertainty will provide a more definitive interpretation of the
results for the specific testing conditions.
10.10 The data generally indicated reasonable precision
except for the 45.9 HR30N scale. In that scale theSRandRPB
values are very high compared to all of the other scales. An
examination of the raw data reveled that one lab’s results were
much higher than the others, significantly affecting the overall
r sults in that scale. The results from all of the other scales
eem to be reasonable.
10.11 Bias—There are no recognized standards by which to
fully estimate the bias of this test method.
11. Keywords
11.1 hardness; mechanical test; metals; Rockwell
ANNEXES
(Mandatory Information)
A1. VERIFICATION OF ROCKWELL HARDNESS TESTING MACHINES
A1.1 Scope
A1.1.1 Annex A1 specifies three types of procedures for
verifying Rockwell hardness testing machines:direct
verification, indirect verification, anddaily verification.
A1.1.2 Direct verification is a process for verifying that
critical components of the hardness testing machine are within
allowable tolerances by directly measuring the test forces,
depth measuring system, machine hysteresis, and testing cycle.
A1.1.3 Indirect verification is a process for periodically
verifying the performance of the testing machine by means of
standardized test blocks and indenters.
A1.1.4 The daily verification is a process for monitoring the
performance of the testing machine between indirect verifica-
tions by means of standardized test blocks.
A1.1.5 Adherence to this standard and annex provides
traceability to national standards, except as stated otherwise.
A1.2 General Requirements
A1.2.1 The testing machine shall be verified at specific
instances and at periodic intervals as specified inTable A1.1,
and when circumstances occur that may affect the performance
of the testing machine.
A1.2.2 The temperature at the verification site shall be
measured with an instrument having an accuracy of at least
62.0°C or63.6°F. It is recommended that the temperature be
monitored throughout the verification period, and significant
temperature variations be recorded and reported. The tempera-
ture at the verification site does not need to be measured for a




Sr SR rPB RPB
Data from 2000 study
62.8 HRA 62.50 0.164 0.538 0.459 1.506
73.1 HRA 73.04 0.138 0.358 0.387 1.002
83.9 HRA 84.54 0.085 0.468 0.238 1.309
25.0 HRC 24.99 0.335 0.440 0.937 1.232
45.0 HRC 45.35 0.156 0.259 0.438 0.725
65.0 HRC 65.78 0.153 0.389 0.427 1.089
45.9 HR30N 46.75 0.299 2.489 0.837 6.969
64.0 HR30N 64.74 0.248 0.651 0.694 1.822
81.9 HR30N 82.52 0.195 0.499 0.547 1.396
Data from 2006 study
40 HRBW 43.90 0.492 0.668 1.378 1.871
60 HRBW 61.77 0.663 0.697 1.855 1.953
95 HRBW 91.09 0.250 0.292 0.701 0.817
62 HREW 64.07 0.346 0.675 0.970 1.890
81 HREW 81.61 0.232 0.406 0.649 1.136
100 HREW 96.22 0.177 0.322 0.497 0.901
22 HR30TW 18.33 0.702 0.901 1.965 2.522
56 HR30TW 58.0 0.476 0.517 1.333 1.447
79 HR30TW 81.0 0.610 0.851 1.709 2.382
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daily verification or when qualifying additional user’s indent-
ers in accordance withA1.4.10.
A1.2.3 All instruments used to make measurements re-
quired by this Annex shall be calibrated traceable to national
standards when a system of traceability exists, except as noted
otherwise.
A1.2.4 Direct verification of newly manufactured or rebuilt
testing machines shall be performed at the place of
manufacture, rebuild or repair. Direct verification may also be
performed at the location of use.
A1.2.5 Indirect verification of the testing machine shall be
performed at the location where it will be used.
NOTEA1.1—It is recommended that the calibration agency that is used
to conduct the verifications of Rockwell hardness testing machines be
accredited to the requirements of ISO 17025 (or an equivalent) by an
accrediting body recognized by the International Laboratory Accreditation
Cooperation (ILAC) as operating to the requirements of ISO/IEC 17011.
A1.3 Direct Verification
A1.3.1 A direct verification of the testing machine shall be
performed at specific instances in accordance withTable A1.1.
The test forces, depth-measuring system, machine hysteresis,
and testing cycle shall be verified as follows.
NOTE A1.2—Direct verification is a useful tool for determining the
sources of error in a Rockwell hardness testing machine. It is recom-
mended that testing machines undergo direct verification periodically to
make certain that errors in one component of the machine are not being
offset by errors in another component.
A1.3.2 Verification of the Test Forces—For each Rockwell
scale that will be used, the corresponding test forces (prelimi-
nary test force at loading, total test force, and preliminary test
force during elastic recovery) shall be measured. The test
forces shall be measured by means of a Class A elastic force
measuring instrument having an accuracy of at least 0.25 %, as
described in ASTM E74.
A1.3.2.1 Make three measurements of each force. The
forces shall be measured as they are applied during testing.
A1.3.2.2 Each preliminary test forceF0 and each total test
forceF shall be accurate to within the tolerances given inTable
A1.2, and the range of the three force measurements (highest
minus lowest) shall be within 75 % of the tolerances ofTable
A1.2.
A1.3.3 Verification of the Depth Measuring System—The
depth measuring system shall be verified by means of an
instrument, device or standard having an accuracy of at least
0.0002 mm.
A1.3.3.1 Verify the testing machine’s depth measurement
system at not less than four evenly spaced increments covering
the full range of the normal working depth measured by the
testing machine. The normal working depth range shall corre-
spond to the lowest and highest hardness values for the
Rockwell scales that will be tested.
A1.3.3.2 The indentation-depth measuring device shall be
accurate within60.001 mm for the regular Rockwell hardness
scales and60.0005 mm for the Rockwell superficial hardness
scales. These accuracies correspond to 0.5 hardness units.
A1.3.3.3 Some testing machines have a long-stroke depth
measuring system where the location of the working range of
the depth measuring system varies depending on the thickness
of the test material. This type of testing machine shall have a
system to electronically verify that the depth measuring device
is continuous over its full range and free from dirt or other
discontinuities that could affect its accuracy. These types of
testers shall be verified using the following steps.
(1) At the approximate top, mid point, and bottom of the
total stroke of the measuring device, verify the accuracy of the
device at no less than four evenly spaced increments of
approximately 0.05 mm at each of the three locations. The
accuracy shall be within the tolerances defined above.
(2) Operate the actuator over its full range of travel and
monitor the electronic continuity detection system. The system
shall indicate continuity over the full range.
A1.3.4 Verification of Machine Hysteresis—Each time a
Rockwell hardness test is made, the testing machine will
undergo flexure in some of the machine components and the
machine frame. If the flexure is not entirely elastic during the
application and removal of the additional forceF1, the testing
machine may exhibit hysteresis in the indenter-depth measure-
ment system, resulting in an offset or bias in the test result. The
goal of the hysteresis verification is to perform a purely elastic







When a testing machine is new, or when adjustments,
modifications or repairs are made that could affect the
application of the test forces, the depth measuring system, or
the machine hysteresis.




Recommended every 12 months, or more often if needed.
Shall be no longer than every 18 months.
When a testing machine is installed or moved, [only a partial
indirect verification is performed by following the procedure
given in A1.4.7 for verifying the as-found condition]. This does
not apply to machines that are designed to be moved or that
move prior to each test, when it has been previously
demonstrated that such a move will not affect the hardness
result.
Following a direct verification.
To qualify an indenter that was not verified in the last indirect




Required each day that hardness tests are to be made.
Recommended whenever the indenter, anvil, or test force is
changed.
TABLE A1.2 Tolerances on Applied Force for a Rockwell
Testing Machine
Force Tolerance
kgf N kgf N
10 98.07 0.20 1.96
60 588.4 0.45 4.41
100 980.7 0.65 6.37
150 1471 0.90 8.83
3 29.42 0.060 0.589
15 147.1 0.100 0.981
30 294.2 0.200 1.961
45 441.3 0.300 2.963
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test that results in no permanent indentation. In this way, the
level of hysteresis in the flexure of the testing machine can be
determined.
A1.3.4.1 Perform repeated Rockwell tests using a blunt
indenter (or the indenter holder surface) acting directly onto the
anvil or a very hard test piece. The tests shall be conducted
using the highest test force that is used during normal testing
A1.3.4.2 Repeat the hysteresis verification procedure for a
maximum of ten measurements and average the last three tests.
The average measurement shall indicate a hardness number of
1306 1.0 Rockwell units when Rockwell ball scales B, E, F,
G, H and K are used, or within 1006 1.0 Rockwell units when
any other Rockwell scale is used.
A1.3.5 Verification of the Testing Cycle—Section7 specifies
the Rockwell testing cycle by stating requirements and recom-
mendations for five separate parameters of the cycle. The
testing machine shall be verified to be capable of meeting the
tolerances specified inTable 3for the following four test cycle
parameters: the dwell time for preliminary force, the time for
application of additional force, the dwell time for total force
and the dwell time for elastic recovery. The tolerance for the
indenter contact velocity is a recommendation. Direct verifi-
cation of the testing cycle is to be verified by the testing
machine manufacturer at the time of manufacture, and when
the testing machine is returned to the manufacturer for repair
when a problem with the testing cycle is suspected. Verification
of the testing cycle is not required as part of the direct
verification at other times.
A1.3.5.1 Rockwell hardness testing machines manufactured
before the implementation of E18–07 may not have undergone
the direct verification of the machine’s testing cycle. Since this
verification often must be performed at the manufacturer’s site,
the test cycle verification requirement does not apply to testing
machines manufactured before the implementation of E18–07,
unless the testing machine is returned to the manufacturer for
repair.
A1.3.6 Direct Verification Failure—If any of the direct
verifications fail the specified requirements, the testing ma-
chine shall not be used until it is adjusted or repaired. If the test
forces, depth measuring system, machine hysteresis, or testing
cycle may have been affected by an adjustment or repair, the
affected components shall be verified again by direct verifica-
tion.
A1.3.7 An indirect verification shall follow a successful
direct verification.
A1.4 Indirect Verification
A1.4.1 An indirect verification of the testing machine shall
be performed, at a minimum, in accordance with the schedule
given in Table A1.1. The frequency of indirect verifications
should be based on the usage of the testing machine.
A1.4.2 The testing machine shall be verified for each
Rockwell scale that will be used prior to the next indirect
verification. Hardness tests made using Rockwell scales that
have not been verified within the schedule given inTable A1.1
do not meet this standard.
A1.4.3 Standardized test blocks meeting the requirements
of Annex A4 (seeNote 4) shall be used in the appropriate
hardness ranges for each scale to be verified. These ranges are
given in Table A1.3. Hardness measurements shall be made
only on the calibrated surface of the test block.
A1.4.4 The indenters to be used for the indirect verification
shall meet the requirements ofAnnex A3 (seeNote 3).
A1.4.5 The testing cycle to be used for the indirect verifi-
cation shall be the same as is typically used by the user.
A1.4.6 Prior to performing the indirect verification, ensure
that the testing machine is working freely, and that the indenter
and anvil are seated adequately. Make at least two hardness
measurements on a suitable test piece to seat the indenter and
anvil. The results of these measurements need not be recorded.
A1.4.7 As-found Condition:
A1.4.7.1 It is recommended that the as-found condition of
the testing machine be assessed as part of an indirect verifica-
tion. This is important for documenting the historical perfor-
mance of the machine in the scales used since the last indirect
verification. This procedure should be conducted prior to any
cleaning, maintenance, adjustments, or repairs.
A1.4.7.2 When the as-found condition of the testing ma-
chine is assessed, it shall be determined with the user’s
indenter(s) that are normally used with the testing machine. At
least two standardized test blocks, each from a different
hardness range as defined inTable A1.3, should be tested for
each Rockwell scale that will undergo indirect verification. The
difference in hardness between any of the standardized test
blocks shall be at least 5 hardness points for each Rockwell
scale.
A1.4.7.3 On each standardized test block, make at least two
measurements distributed uniformly over the test surface.
A1.4.7.4 Determine the repeatabilityR and the errorE (Eq
2 andEq 3) in the performance of the testing machine for each
standardized test block that is measured.
A1.4.7.5 The errorE and the repeatabilityR should be
within the tolerances ofTable A1.3. If the calculated values of
error E or repeatability R fall outside of the specified
tolerances, this is an indication that the hardness tests made
since the last indirect verification may be suspect.
A1.4.8 Cleaning and Maintenance—Perform cleaning and
routine maintenance of the testing machine (when required) in
accordance with the manufacturer’s specifications and instruc-
tions.
A1.4.9 Indirect Verification Procedure—The indirect verifi-
cation procedure requires that the testing machine be verified
using one or more of the user’s indenters.
A1.4.9.1 One standardized test block shall be tested from
each of the hardness ranges (usually three ranges) for each
Rockwell scale to be verified, as given inTable A1.3. The
difference in hardness between any of the standardized test
blocks shall be at least 5 hardness points for each Rockwell
scale. The user may find that high, medium and low range test
blocks are unavailable commercially for some scales. In these
cases, one of the following two procedures shall be followed.
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(1) Alternative Procedure 1—The testing machine shall be
verified using the standardized blocks from the one or two
ranges that are available. Also, the testing machine shall be
verified on another Rockwell scale which uses the same test
forces and for which three blocks are available. In this case, the
testing machine is considered verified for the entire Rockwell
scale.
(2) Alternative Procedure 2—This procedure may be used
when standardized blocks from two ranges are available. The
testing machine shall be verified using the standardized blocks
from the two available ranges. In this case, the testing machine
is considered verified for only the part of the scale bracketed by
the levels of the blocks.
A1.4.9.2 On each standardized test block, make five mea-
surements distributed uniformly over the test surface. Deter-
mine the errorE and the repeatabilityR in the performance of
the testing machine usingEq 2andEq 3for each hardness level
of each Rockwell scale to be verified.
A1.4.9.3 The errorE and the repeatabilityR shall be within
the tolerances ofTable A1.3. The indirect verification shall be
approved only when the testing machine measurements of
repeatability and error meet the specified tolerances using at
least one of the user’s indenters.
A1.4.9.4 In the case that the testing machine cannot pass the
repeatability and error verifications with the user’s indenter, a
number of corrective actions may be attempted to bring the
testing machine within tolerances. These actions include clean-
ing and maintenance, replacing the anvil or using another of
the user’s indenters. The indirect verification procedures shall
be repeated after making the allowed corrective actions.
NOTE A1.3—When a testing machine fails indirect verification, it is
recommended that the testing machine be verified again using a Class A
(or better) indenter for those scales and hardness levels that failed the
indirect verification with the user’s indenter. If the testing machine passes
the repeatability and error tests with a Class A indenter, it is an indication
that the user’s indenter is out of tolerance. A new indenter may be acquired
by the user as a corrective action (seeA1.4.9.4) allowing the indirect
verification procedures to be repeated without having to perform a direct
verification. If the testing machine continues to fail the repeatability or
error tests of an indirect verification with the Class A indenter, it is an
indication that there is a problem with the machine and not the user’s
indenter.
A1.4.9.5 If the testing machine continues to fail the repeat-
ability or error tests following corrective actions, the testing
machine shall undergo adjustment and/or repair followed by a
direct verification.
A1.4.10 Qualifying Additional User’s Indenters—In cases
where the testing machine passes indirect verification using
only one of the user’s indenters, only that one indenter is
considered verified for use with the specific testing machine for
the Rockwell scales that were indirectly verified using that
indenter. Before any other indenter may be used for testing the
same Rockwell scales, it must be verified for use with the
specific verified testing machine. This requirement does not
apply to changing an indenter ball. The indenter verifications
may be made at any time after the indirect verification, and
may be performed by the user as follows.
A1.4.10.1 The testing machine and indenter shall be verified
together using the indirect verification procedures ofA1.4.9
with the following exception. The verification shall be per-
formed on at least two standardized test blocks (high and low
ranges) for each Rockwell scale that the indenter will be used.
TABLE A1.3 Maximum Allowable Repeatability and Error of























































































HRLWB 2.0 ± 1.0
HRMWB 2.0 ± 1.0
HRPWB 2.0 ± 1.0
HRRWB 2.0 ± 1.0
HRSWB 2.0 ± 1.0
HRVWB 2.0 ± 1.0
HR15N < 78





















































HR15WWB 2.0 ± 1.0
HR30WWB 2.0 ± 1.0
HR45WWB 2.0 ± 1.0
HR15XWB 2.0 ± 1.0
HR30XWB 2.0 ± 1.0
HR45XWB 2.0 ± 1.0
HR15YWB 2.0 ± 1.0
HR30YWB 2.0 ± 1.0
HR45YWB 2.0 ± 1.0
A The user may find that high, medium and low range test blocks are unavailable
commercially for some scales. In these cases one or two standardized blocks
where available may be used. It is recommended that all high range test blocks for
Rockwell scales using a ball indenter should be less than 100 HR units.
B Appropriate ranges of standardized test blocks for the L, M, P, R, S, V, W, X, and




A1.4.10.2 The indenter may be used with the specific
verified testing machine only when the verification measure-
ments of repeatability and error meet the specified tolerances.
A1.4.11 The user shall identify and keep track of the
indenters verified for use with the testing machine.
A1.5 Daily Verification
A1.5.1 The daily verification is intended for the user to
monitor the performance of the testing machine between
indirect verifications. At a minimum, the daily verification shall
be performed in accordance with the schedule given inTable
A1.1 for each Rockwell scale that will be used.
A1.5.2 It is recommended that the daily verification proce-
dures be performed whenever the indenter, anvil, or test force
is changed.
A1.5.3 Daily Verification Procedures—The procedures to
use when performing a daily verification are as follows.
A1.5.3.1 Daily verification shall use standardized test
block(s) that meet the requirements ofAnnex A4(seeNote 4).
Daily verification shall be done for each Rockwell scale that is
to be used that day. At least one test block shall be used, and
when commercially available, the hardness range of the test
block shall be chosen to be within 15 Rockwell points of the
hardness value that the testing machine is expected to measure.
Alternatively, two test blocks can be used, (when commercially
available), one higher and one lower than the hardness range
that the testing machine is expected to measure. In cases where
the configuration of the anvil to be used is not suitable for the
testing of blocks, a suitable anvil or adapter for testing a test
block must be used temporarily.
A1.5.3.2 The indenter to be used for the daily verification
shall be the indenter that is normally used for testing.
A1.5.3.3 Before performing the daily verification tests,
ensure that the testing machine is working freely, and that the
indenter and anvil are seated adequately. Make at least two
hardness measurements on a suitable test piece. The results of
these measurements need not be recorded.
A1.5.3.4 Make at least two hardness measurements on each
of the daily verification test blocks adhering to the spacing
requirements given in7.9.
A1.5.3.5 For each test block, calculate the errorE (seeEq 2)
and the repeatabilityR (seeEq 3) from the measured hardness
values. The testing machine with the indenter is regarded as
performing satisfactorily if bothE andR for all test blocks are
within the maximum tolerances given inTable A1.3. Note that
if the differences between the individual hardness values and
the certified value for a test block are all within the maximum
errorE tolerances marked on the test block and given inTable
A1.3, the above criteria will be met for that block and it is not
necessary to calculateE andR.
A1.5.3.6 If the daily verification measurements for any of
the test blocks do not meet the criteria ofA1.5.3.5, the daily
verification may be repeated with a different indenter or after
cleaning the tester, or both (see the manufacturer’s instruc-
tions). If any of the test block measurements continue to not
meet the criteria ofA1.5.3.5, an indirect verification shall be
performed. Whenever a testing machine fails a daily
verification, the hardness tests made since the last valid daily
verification may be suspect.
A1.5.3.7 If the anvil to be used for testing is different than
the anvil used for the daily verification, it is recommended that
the daily verification be repeated on an appropriate part of
known hardness.
NOTE A1.4—It is highly recommended that the results obtained from
the daily verification testing be recorded using accepted Statistical Process
Control techniques, such as, but not limited to, X-bar (measurement
averages) and R-charts (measurement ranges), and histograms.
A1.6 Verification Report
A1.6.1 The verification report shall include the following
information as a result of the type of verification performed.
A1.6.2 Direct Verification:
A1.6.2.1 Reference to this ASTM test method.
A1.6.2.2 Identification of the hardness testing machine,
including the serial number, manufacturer and model number.
A1.6.2.3 Identification of all devices (elastic proving
devices, etc.) used for the verification, including serial numbers
and identification of standards to which traceability is made.
A1.6.2.4 Test temperature at the time of verification (see
A1.2.2).
A1.6.2.5 The individual measurement values and calculated
sults used to determine whether the testing machine meets
the requirements of the verification performed. It is recom-
mended that the uncertainty in the calculated results used to
d termine whether the testing machine meets the requirements
of the verification performed also be reported.
A1.6.2.6 Description of adjustments or maintenance done to
the testing machine, when applicable.
A1.6.2.7 Date of verification and reference to the verifying
agency or department.
A1.6.2.8 Signature of the person performing the verifica-
tion.
A1.6.3 Indirect Verification:
A1.6.3.1 Reference to this ASTM test method.
A1.6.3.2 Identification of the hardness testing machine,
including the serial number, manufacturer and model number.
A1.6.3.3 Identification of all devices (test blocks, indenters,
etc.) used for the verification, including serial numbers and
identification of standards to which traceability is made.
A1.6.3.4 Test temperature at the time of verification (see
A1.2.2).
A1.6.3.5 The Rockwell hardness scale(s) verified.
A1.6.3.6 The individual measurement values and calculated
results used to determine whether the testing machine meets
the requirements of the verification performed. Measurements
made to determine the as-found condition of the testing
machine shall be included whenever they are made. It is
recommended that the uncertainty in the calculated results used
to determine whether the testing machine meets the require-
ments of the verification performed also be reported.
A1.6.3.7 Description of maintenance done to the testing
machine, when applicable.




A1.6.3.9 Signature of the person performing the verifica-
tion.
A1.6.4 Daily Verification:
A1.6.4.1 No verification report is required; however, it is
recommended that records be kept of the daily verification
results, including the verification date, measurement results,
certified value of the test block, test block identification, and
the name of the person that performed the verification, etc. (see
also Note A1.4). These records can be used to evaluate the
performance of the hardness machine over time.
A2. ROCKWELL HARDNESS STANDARDIZING MACHINES
A2.1 Scope
A2.1.1 Annex A2 specifies the requirements for the
capabilities, usage, periodic verification, and monitoring of a
Rockwell hardness standardizing machine. The Rockwell hard-
ness standardizing machine differs from a Rockwell hardness
testing machine by having tighter tolerances on certain perfor-
mance attributes such as force application and machine hys-
teresis. A Rockwell standardizing machine is used for the
standardization of Rockwell hardness indenters as described in
Annex A3, and for the standardization of Rockwell test blocks
as described inAnnex A4.
A2.1.2 Adherence to this standard and annex provide trace-
ability to national standards, except as stated otherwise.
A2.2 Accreditation
A2.2.1 The agency conducting direct and/or indirect verifi-
cations of Rockwell hardness standardizing machines shall be
accredited to the requirements of ISO 17025 (or an equivalent)
by an accrediting body recognized by the International Labo-
ratory Accreditation Cooperation (ILAC) as operating to the
requirements of ISO/IEC 17011. An agency accredited to
perform verifications of Rockwell hardness standardizing ma-
chines may perform the verifications of its own standardizing
machines. The standardizing laboratory shall have a certificate/
scope of accreditation stating the types of verifications (direct
and/or indirect) and the Rockwell scales that are covered by the
accreditation.
NOTE A2.1—Accreditation is a new requirement starting with this
edition of the standard.
A2.3 Apparatus
A2.3.1 The standardizing machine shall satisfy the require-
ments of Section5 for a Rockwell hardness testing machine
with the following additional requirements.
A2.3.1.1 The standardizing machine shall be designed so
that:(1) each test force can be selected by the operator, and(2)
adjustments to test forces cannot be made by the operator.
A2.3.1.2 The system for displaying the hardness measure-
ment value shall be digital with a resolution of 0.1 Rockwell
units or better.
A2.3.1.3 Deviation in parallelism between the indenter
mounting surface and the anvil mounting surface shall not be
greater than 0.002 mm/mm (0.002 in./in.). This characteristic
of the standardizing machine is not likely to vary with time. As
such, the accuracy of this dimension shall only be certified by
the machine manufacturer and need not be periodically verified
by direct verification unless the components have been
changed.
A2.3.1.4 Indenters—Class A ball indenters and Class A or
Reference diamond indenters as described inAn ex A3 (see
Note 3) shall be used.
A2.3.1.5 Testing Cycle—The standardizing machine shall be
capable of meeting each part of the testing cycle within the
tolerances specified inTable A2.1. The manufacturer of the
standardizing machine shall verify each of the five components
of the testing cycle at the time of manufacture, or when the
testing machine is returned to the manufacturer for repair.
A2.3.1.6 It is important that the final portion of the addi-
tional force application be controlled. Two recommended
procedures for properly applying the additional force are as
follows: (1) the average indenter velocityvF (seeFig. 2) during
the final 40 % of additional force application should be
between 0.020 mm/s and 0.040 mm/s, or(2) the amount of
force applied during the final 10 % of the additional force
application time should be less than 5 % of the additional force.
A2.3.1.7 During the period between verifications, no adjust-
ments may be made to the force application system, the force
measurement system, the indenter depth measurement system,
or the test cycle that is used for each Rockwell scale.
A2.4 Laboratory Environment
A2.4.1 The standardizing machine shall be located in a
temperature and relative-humidity controlled room with toler-
ances for these conditions given inTable A2.2. The accuracy of
the temperature and relative-humidity measuring instruments
shall be as given inTable A2.2. The display of the temperature
measuring device shall have a resolution of at least 1°C.
A2.4.2 The temperature and relative-humidity of the stan-
dardizing laboratory shall be monitored beginning at least one
hour prior to standardization and throughout the standardizing
procedure.
TABLE A2.1 Testing Cycle Requirements
Test Cycle Parameter Tolerance
Indenter contact velocity, vA #1.0 mm/s
Dwell time for preliminary force, tPF (when the time to apply





3.0 ± 1.0 s
Additional force application, tTA (see A2.3.1.6) 1.0 to 8.0 s
Dwell time for total force, tTF 5.0 ± 1.0 s
Dwell time for elastic recovery, tR 4.0 ± 1.0 s
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A2.4.3 The standardizing machine, indenter(s), and test
blocks to be standardized must be in an environment meeting
the tolerances ofTable A2.2 for at least one hour prior to
standardization.
A2.4.4 During the standardization process, the standardiz-
ing machine shall be isolated from any vibration that may
affect the measurements.
A2.4.5 The power supply to the standardizing machine shall
be isolated from any electrical surges that could affect its
performance.
A2.5 Verifications
A2.5.1 The standardizing machine shall undergo direct and
indirect verifications at periodic intervals and when circum-
stances occur that may affect the performance of the standard-
izing machine, according to the schedule given inTable A2.3.
NOTE A2.2—Periodic direct verification (every 12 months) is a new
requirement starting with this edition of the standard. In previous editions
of this standard, direct verification was required only when a standardizing
machine was new, moved, or when adjustments, modifications or repairs
were made that could affect the application of the test forces, the depth
measuring system, or the machine hysteresis.
A2.5.2 A standardizing machine used for the standardiza-
tion of test blocks shall undergo monitoring verifications each
day that standardizations are made, according to the schedule
given in Table A2.3.
A2.5.3 All instruments used to make measurements re-
quired by this Annex shall be calibrated traceable to national
standards where a system of traceability exists, except as noted
otherwise.
A2.5.4 The standardizing machine shall be directly and
indirectly verified at the location where it will be used.
A2.6 Periodic Verification Procedures
A2.6.1 Perform Cleaning and Maintenance—If required,
cleaning and routine maintenance of the standardizing machine
shall be made before conducting direct or indirect verifications
in accordance with the manufacturer’s specifications and in-
structions.
A2.6.2 Direct Verification—Perform a direct verification of
the standardizing machine in accordance with the schedule
given inTable A2.3. The test forces, depth measuring system,
and machine hysteresis shall be verified.
A2.6.2.1 Verification of the Test Forces—For each Rockwell
scale that will be used, the associated forces (preliminary test
force, total test force, and test force during elastic recovery)
shall be measured. The test forces shall be measured by means
of a Class AA elastic force measuring instrument having an
accuracy of at least 0.05 %, as described in ASTM E74.
A2.6.2.2 Make three measurements of each force. The
forces shall be measured as they are applied during testing.
A2.6.2.3 Each preliminary test forceF0 and each total test
forceF shall be accurate to within 0.25 % in accordance with
Table A2.4.
A2.6.2.4 Verification of the Depth Measuring System—The
depth measuring system shall be verified by means of an
instrument having an accuracy of at least 0.0001 mm.
A2.6.2.5 Verify the standardizing machine’s measurement
of depth at not less than four evenly spaced increments of
approximately 0.05 mm at the range of the normal working
depth of the standardizing machine. The normal working depth
range shall correspond to the lowest and highest hardness
values for the Rockwell scales that will be standardized or that
will be used for indenter calibrations.
A2.6.2.6 For testing machines with long stroke actuators
and fixed anvils, the depth measurement verification shall be
r peated at positions corresponding to each thickness of test
block that will be standardized or that will be used for indenter
calibrations.
A2.6.2.7 The indentation depth measuring device shall have
an accuracy of at least 0.0002 mm over the normal working
depth range which corresponds to 0.1 regular Rockwell hard-
ness units and 0.2 Rockwell Superficial hardness units.
A2.6.2.8 Verification of Machine Hysteresis—Most Rock-
well hardness machines will undergo flexure in the machine
frame and some machine components each time a test is made.
If the flexure is not entirely elastic during the application and
removal of the additional forceF1, the testing machine may
exhibit hysteresis in the indenter depth measuring system,
resulting in an offset or bias in the test result. The goal of the
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Shall be every 12 months.
When a standardizing machine is new, moved, or when
adjustments, modifications or repairs are made that could
affect the application of the test forces, the depth measuring
system, or the machine hysteresis.
Indirect
verification
Shall be within 12 months prior to standardization testing.
Following a direct verification(limited number of scales).
Monitoring
verification
Shall be before and after each lot is standardized, and at the
end of each day and the start of the following day when a
single lot is standardized over multiple days.
TABLE A2.4 Tolerances on Applied Force for the
Standardizing Machine
Force, kgf (N) Tolerance, kgf (N)
10 (98.07) 0.025 (0.245)
60 (588.4) 0.150 (1.471)
100 (980.7) 0.250 (2.452)
150 (1471) 0.375 (3.678)
3 (29.42) 0.008 (0.074)
15 (147.1) 0.038 (0.368)
30 (294.2) 0.075 (0.736)
45 (441.3) 0.113 (1.103)
E18 − 15
14
hysteresis verification is to perform a purely elastic test that
results in no permanent indentation. In this way, the level of
hysteresis in the flexure of the testing machine can be deter-
mined.
A2.6.2.9 Perform repeated Rockwell tests using a blunt
indenter (or the indenter holder surface) acting directly onto the
anvil or a very hard test piece. The tests shall be conducted on
a Rockwell scale having the highest test force that is used for
normal standardizations.
A2.6.2.10 Repeat the hysteresis tests for a maximum of ten
measurements and average the last three tests. The average
measurement shall indicate a hardness number within
1306 0.3 Rockwell units when Rockwell ball scales B, E, F,
G, H and K are used, or within 1006 0.3 Rockwell units when
any other Rockwell scale is used.
A2.6.2.11 Direct Verification Failure—If any of the direct
verifications fail the specified requirements, the standardizing
machine shall not be used until it is adjusted or repaired. Any
parameter that may have been affected by an adjustment or
repair shall be verified again by direct verification.
A2.6.3 Indirect Verification—Indirect verification involves
verifying the performance of the standardizing machine by
means of standardized test blocks and indenters. Prior to
performing standardizations for any Rockwell scale, an indi-
rect verification of the standardizing machine for that scale
shall be made within the time period given inTable A2.3. A
selected number of Rockwell scales shall be indirectly verified
at the time of the direct verification as described below. The
indirect verification of all other Rockwell scales may be made
at any time as long as it occurs within the time period given in
Table A2.3prior to standardization.
A2.6.3.1 Immediately following the direct verification, in-
direct verifications of a selected number of scales shall be
performed to determine the performance of the standardizing
machine at each force level that the standardizing machine is
capable of applying. An example of an indirect verification for
a standardizing machine capable of applying all force levels is
given inTableA2.5. It is recommended that Rockwell scales be
chosen that will also verify each indenter that will be used.
When national primary standardized test blocks (seeNote
A2.3) are available, they should be used for the periodic
indirect verification.
NOTE A2.3—Primary standardized test blocks are certified at the
national standardizing laboratory level. In the United States, the national
Rockwell hardness standardizing laboratory is the National Institute of
Standards and Technology (NIST), Gaithersburg, MD 20899.
A2.6.3.2 Standardized test blocks shall be used in the
appropriate hardness ranges for each scale to be verified. These
anges are given inTable A2.6. The standardizing testing
machine shall not be adjusted during the indirect verification
procedures.
TABLE A2.5 Suggested Rockwell Scales for the Indirect
Verification of Machines Capable of Performing Both Regular and
Superficial Scale Tests and that Will Use Only Diamond and









10 (98.07) 60 (588.4) diamond HRA
10 (98.07) 100 (980.7) 1⁄16 in. ball HRB
10 (98.07) 150 (1471) diamond HRC
3 (29.42) 15 (147.1) diamond HR15N
3 (29.42) 30 (294.2) 1⁄16 in. ball HR30T
3 (29.42) 45 (441.3) diamond HR45N
























































































HRLWA 1.0 ± 0.5
HRMWA 1.0 ± 0.5
HRPWA 1.0 ± 0.5
HRRWA 1.0 ± 0.5
HRSWA 1.0 ± 0.5
HRVWA 1.0 ± 0.5






















































HR15WWA 1.0 ± 0.5
HR30WWA 1.0 ± 0.5
HR45WWA 1.0 ± 0.5
HR15XWA 1.0 ± 0.5
HR30XWA 1.0 ± 0.5
HR45XWA 1.0 ± 0.5
HR15YWA 1.0 ± 0.5
HR30YWA 1.0 ± 0.5
HR45YWA 1.0 ± 0.5
A Appropriate ranges of standardized test blocks for the L, M, P, R, S, V, W, X, and
Y scales shall be determined by dividing the usable range of the scale into two
ranges, high and low. Standardized test blocks for the R and S scales may be
available at only one hardness level.
E18 − 15
15
A2.6.3.3 The indenter(s) to be used for the indirect verifi-
cation shall be the same indenter(s) that will be used for future
standardizations. If more than one indenter will be used for the
same hardness scale, an additional verification shall be made
for each indenter.
A2.6.3.4 The test cycle to be used for the indirect verifica-
tion should be the same as the test cycle used by the
standardizing laboratory when calibrating the standardized test
blocks.
A2.6.3.5 Prior to testing the standardized test blocks, ensure
that the testing machine is working freely, and that the indenter
and anvil are seated adequately. Make at least two hardness
measurements on a uniform test piece for the scale to be
verified. The results of these measurements need not be
recorded.
A2.6.3.6 On each standardized block, make at least five
hardness measurements distributed uniformly over the surface
of the block.
A2.6.3.7 Error—Using Eq 2, determine the errorE in the
performance of the standardizing machine for each standard-
ized test block that is measured. The errorE shall be within the
tolerances ofTable A2.6.
A2.6.3.8 Repeatability—Using Eq 3, determine the repeat-
ability R in the performance of the standardizing machine for
each standardized test block that is measured. The repeatability
Rshall be within the tolerances ofTable A2.6. If the calculated
repeatability is outside the tolerances ofTable A2.6, it may be
due to the non-uniformity of the test block. The repeatabilityR
may be determined again by making an additional five mea-
surements on each standardized block in close proximity to
each other adhering to indentation spacing restrictions (seeFig.
3). A pattern such as illustrated inFig. A2.1 is recommended.
The close proximity of the measurements will reduce the effect
of test block non-uniformity.
A2.6.3.9 If any of the errorE or repeatabilityR measure-
ments fall outside of the specified tolerances, the standardizing
machine shall not be considered to have passed the indirect
verification. A number of corrective actions may be attempted
to bring the standardizing machine within tolerances. These
actions include cleaning and maintenance or replacing the
anvil. No adjustments to the force application system, force
measurement system, or depth measuring system may be made.
The indirect verification procedures may be repeated after
making the allowed corrective actions. If the standardizing
machine continues to fail the repeatability or error tests
following corrective actions, the standardizing machine must
undergo adjustment and/or repair followed by a direct verifi-
cation.
A2.6.3.10 It is recommended that immediately following
the successful completion of an indirect verification, user test
blocks are calibrated for use as monitoring blocks as outlined
in A2.7.
A2.7 Monitoring Verification
A2.7.1 This section describes the monitoring procedures for
a standardizing hardness machine used for the standardization
of test blocks, and the calibration and use of monitoring test
blocks.
A2.7.2 The standardizing laboratory shall monitor the per-
formance of a standardizing machine used for the standardiza-
tion of test blocks between periodic direct and indirect verifi-
cations by performing monitoring verifications each day that
standardizations are made, according to the schedule given in
Table A2.3. Monitoring verifications are indirect verifications
performed with monitoring test blocks that bracket the stan-
dardization hardness level.
A2.7.3 The standardizing laboratory should track the per-
formance of the standardizing machine using control-charting
techniques or other comparable methods. The control charts
are intended to indicate whether there is a loss of measurement
control in the performance of the standardizing machine
A2.7.4 Monitoring Test Blocks—Test blocks that meet the
physical requirements (see Table A4.1) and the uniformity
requirements (see Table A4.2) ofAnnex A4shall be used. The
monitoring test blocks shall be at each of the appropriate
hardness ranges of each hardness scale that will be used. These
ranges are given inTable A2.6. It is to the advantage of the
laboratory to use test blocks that exhibit high uniformity in
hardness across the test surface. The laboratory may, in all
cases, perform the monitoring tests using primary standardized
test blocks.
A2.7.5 Procedure for Calibrating Monitoring Test Blocks—
Monitoring test blocks for a specific Rockwell scale shall be
calibrated by the standardizing laboratory following an indirect
verification of the scales for which monitoring blocks will be
calibrated. An adequate number of monitoring blocks should
be calibrated for each hardness scale and hardness level. The
number of blocks required is dependent on each laboratory’s
needs and experience.
A2.7.5.1 Prior to calibrating the monitoring test blocks,
ensure that the testing machine is working freely, and that the
indenter and anvil are seated adequately. Each time the
hardness scale is changed, make at least two hardness mea-
surements on a uniform test piece for the scale to be verified.
The results of these measurements need not be recorded.FIG. A2.1 Suggested Pattern for Repeatability Measurement s
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A2.7.5.2 Make at least five measurements distributed uni-
formly over the surface of one of the monitoring test blocks.
Repeat this procedure, as required, for the quantity of blocks
needed at the appropriate ranges of each Rockwell scale.
A2.7.5.3 For each of the monitoring test blocks, letH̄M be
the average of the calibration values as measured by the
standardizing machine. The value ofH̄M may be corrected for
the errorE that was determined for that Rockwell scale and
hardness level as a result of the indirect verification.
A2.7.6 For each monitoring block, the following informa-
tion shall be recorded and retained for at least the time period
during which the monitoring block calibration is valid.
A2.7.6.1 Serial number.
A2.7.6.2 Calibrated hardness value,H̄M.
A2.7.6.3 Date of calibration.
A2.7.7 Monitoring Methods—It is recommended that con-
trol charts or other comparable methods be used to monitor the
performance of the standardizing machine between verifica-
tions. Control charts provide a method for detecting lack of
statistical control. There are many publications available that
discuss the design and use of control charts, such as the ASTM
“Manual on Presentation of Data and Control Chart Analysis:
6th Edition,” prepared by Committee E11 on Quality and
Statistics. The standardizing laboratory should develop and use
control charts that best apply to their specific needs.
A2.7.8 Monitoring Procedures—The following monitoring
procedures shall be performed before and after each lot of test
blocks is standardized. When standardizations of a single lot of
test blocks spans multiple days, the monitoring procedures
shall be performed at the end of the work day and at the start
of the following day during the period that the lot is standard-
ized. In addition, the monitoring procedures shall be performed
whenever the indenter, anvil, or test force is changed.
A2.7.8.1 At least two monitoring test blocks shall be used in
the appropriate hardness ranges that bracket the hardness level
to be standardized. These ranges are given inTable A2.6. For
some Rockwell scales (for example, HRR and HRS) there may
be only one monitoring test block that can be used.
A2.7.8.2 Prior to testing the monitoring test blocks, ensure
that the testing machine is working freely, and that the indenter
and anvil are seated adequately. Make at least two hardness
measurements on a uniform test piece for the scale to be
verified. The results of these measurements need not be
recorded. Repeat this procedure each time the hardness scale is
changed.
A2.7.8.3 On each monitoring test block, make at least four
measurements distributed uniformly over the surface of the
block.
A2.7.8.4 Error—Determine the errorE (Eq 2) in the perfor-
mance of the standardizing machine for each monitoring test
block that is measured. The errorE shall be within the
tolerances ofTable A2.6.
A2.7.8.5 Repeatability—Determine the repeatabilityR in
the performance of the standardizing machine (Eq 3) for each
standardized test block that is measured. The repeatabilityR
shall be within the tolerances ofTable A2.6.
A2.7.8.6 If any of the errorE measurements or the repeat-
ability Rmeasurements fall outside of the specified tolerances,
the standardizing machine shall not be considered to have
passed the monitoring verification, and shall not be used for
standardizations. A number of corrective actions may be
attempted to bring the standardizing machine within toler-
ances. These actions include cleaning and maintenance or
replacing the anvil. No adjustments to the force application
system, force measurement system, or depth measuring system
may be made. The monitoring verification procedures may be
repeated after making the allowed corrective actions. If the
standardizing machine continues to fail the error tests follow-
ing corrective actions, the standardizing machine must undergo
adjustment and/or repair followed by a direct verification.
A2.7.8.7 Whenever a standardizing machine fails a moni-
toring verification, the standardizations made since the last
valid monitoring verification may be suspect.
A2.7.8.8 Examine the measurement data using control
charts or other monitoring systems that are being used (see
Note A2.4). If the monitoring verification data indicates that
the standardizing machine is within control parameters, stan-
dardizations are considered to be valid.
NOTEA2.4—Control chart data should be interpreted by the laboratory
based on past experience. The need for corrective action does not depend
solely on data falling outside the control limits, but also on the prior data
leading to this occurrence. As a general rule, however, once the standard-
izing machine is determined to be in control, a single occurrence of data
falling outside the control limits should alert the laboratory to a possible
problem. The level of action that is required depends on the history of the
machine performance. It may be precautionary such as increasing the




A2.8.1.1 Reference to this ASTM test method.
A2.8.1.2 Identification of the hardness standardizing
machine, including the serial number, manufacturer and model
number.
A2.8.1.3 Identification of all devices (elastic proving
devices, etc.) used for the verification, including serial numbers
and identification of standards to which traceability is made.
A2.8.1.4 Test temperature at the time of verification re-
ported to a resolution of at least 1°C.
A2.8.1.5 The individual measurement values and calculated
results used to determine whether the standardizing machine
meets the requirements of the verification performed. It is
recommended that the uncertainty in the calculated results used
to determine whether the standardizing machine meets the
requirements of the verification performed also be reported.
A2.8.1.6 Description of adjustments or maintenance done to
the standardizing machine, when applicable.
A2.8.1.7 Date of verification and reference to the verifying
agency or department.
A2.8.1.8 Signature of the person performing the verifica-
tion.
A2.8.1.9 Accreditation certification number.
A2.8.2 Indirect Verification:
A2.8.2.1 Reference to this ASTM test method.
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A2.8.2.2 Identification of the standardizing machine, in-
cluding the serial number, manufacturer and model number.
A2.8.2.3 Identification of all devices (test blocks, indenters,
etc.) used for the verification, including serial numbers and
identification of standards to which traceability is made.
A2.8.2.4 Test temperature at the time of verification re-
ported to a resolution of at least 1°C.
A2.8.2.5 The Rockwell hardness scale(s) verified.
A2.8.2.6 The individual measurement values and calculated
results used to determine whether the standardizing machine
meets the requirements of the verification performed. Measure-
ments made to determine the as-found condition of the
standardizing machine shall be included whenever they are
made. It is recommended that the uncertainty in the calculated
results used to determine whether the standardizing machine
meets the requirements of the verification performed also be
reported.
A2.8.2.7 Description of maintenance done to the standard-
izing machine, when applicable.
A2.8.2.8 Date of verification and reference to the verifying
agency or department.
A2.8.2.9 Signature of the person performing the verifica-
tion.
A2.8.2.10 Accreditation certification number.
A2.8.3 Monitoring Verification:
A2.8.3.1 No verification report is required; however, it is
required that records be kept of the monitoring verification
results, seeA2.7.8.8.
A3. STANDARDIZATION OF ROCKWELL INDENTERS
A3.1 Scope
A3.1.1 Annex A3specifies the requirements and procedures
to manufacture and standardize the Rockwell diamond sphero-
conical indenter and Rockwell ball indenters for use with all
Rockwell scales.
NOTE A3.1—Previous versions of this standard specified that diamond
indenters used for calibrations meet the following geometrical require-
ments:
included angle of 1206 0.1°;
mean radius of 0.2006 0.005 mm; and
radius in each measured section of 0.2006 0.007 mm.
It is believed that diamond indenters meeting these tolerances are not
reliably available on the world market at this time. Consequently, for this
revision, the tolerances for the geometric features of the Class A and
Reference diamond indenters have been temporarily widened to the levels
of Class B indenters until such time as indenters having tighter tolerances
become reliably available.
A3.1.2 The Annex covers two levels of ball indenters,
designated by this standard as Class B, and Class A. Class B
indenters are intended for every day use with Rockwell
hardness testing machines and for the indirect verification of
Rockwell hardness testing machines in accordance withAnnex
A1. Class A indenters are intended for the indirect verification
of Rockwell standardizing machines in accordance withAnnex
A2, and for the standardization of test blocks in accordance
with Annex A4.
A3.1.3 The Annex covers three levels of diamond indenters,
designated by this standard as Class B, Class A and Reference
indenters. Class B indenters are intended for every day use
with Rockwell hardness testing machines. Class A indenters
are intended for the standardization of Class B indenters in
accordance with this Annex, and for the standardization of test
blocks in accordance withAnnex A4. Reference indenters are
intended for the standardization of Class A indenters.
A3.1.4 This Annex also provides the schedule for verifying
indenters.
A3.1.5 Adherence to this standard and annex provides
traceability to national standards, except as stated otherwise.
A3.2 Accreditation
A3.2.1 The agency conducting the standardizations of in-
denters shall be accredited to the requirements of ISO 17025
(or an equivalent) by an accrediting body recognized by the
International Laboratory Accreditation Cooperation (ILAC) as
operating to the requirements of ISO/IEC 17011. The standard-
izing laboratory shall have a certificate of accreditation stating
the class and types of indenters that are covered by the
accreditation. Only indenters of the class and types within the
laboratory’s scope of accreditation are considered to meet this
standard, except as stated below.
NOTE A3.2—Accreditation is a new requirement starting with this
edition of the standard.
A3.3 General Requirements
A3.3.1 The standard Rockwell hardness indenters are the
diamond spheroconical indenter, and tungsten carbide (WC)
ball indenters with diameters of1⁄16 in. (1.588 mm),1⁄8 in.
(3.175 mm),1⁄4 in. (6.350 mm), and1⁄2 in. (12.70 mm) to be
used for the Rockwell hardness scales as given inTable A3.1.
Steel ball indenters may be used in special circumstances (see
5.1.2.1).
A3.3.2 The standardizing laboratory environment, the stan-
dardizing machine, and the standardizing test cycle shall
satisfy the requirements ofAnnex A2.
A3.3.3 All instruments used to make measurements re-
quired by this Annex shall be calibrated traceable to national
standards where a system of traceability exists, except as noted
otherwise.
A3.3.4 All classes of diamond indenters and ball indenters
shall be verified for correct geometry and performance in
accordance with the schedule specified inTable A3.2.
A3.4 Ball Indenters
A3.4.1 Ball indenters frequently consist of a holder, a cap
and a ball. The standardization process defined in this section
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involves the assembled unit. The ball may be changed without
affecting the assembly’s verification provided the ball con-
forms to all the requirements in this section.
A3.4.2 One-piece fixed-ball indenters are allowed provided
the indenter meets the same requirements as removable ball
indenters. The manufacturer shall ensure that the method used
to affix the ball to the holder does not affect the dimensions or
properties of the ball.
A3.4.3 Indenter Balls—The balls shall meet the following
requirements:
A3.4.3.1 The mean surface roughness of the ball shall not
exceed 0.00005 mm (2 µin.).
A3.4.3.2 The diameter of Class B balls, when measured at
not less than three positions, shall not differ from the nominal
diameter by more than 0.0025 mm (0.0001 in.).
A3.4.3.3 The diameter of Class A balls, when measured at
not less than three positions, shall not differ from the nominal
diameter by more than 0.0010 mm (0.00004 in.).
NOTE A3.3—Balls that conform to ABMA Grade 24 satisfy the
requirements for size and finish for Class A and Class B as specified in
ABMA Standard 10-1989.
A3.4.3.4 The hardness of a tungsten carbide ball shall not be
less than 1500 HV1 in accordance with Test MethodE92 or
E384.
A3.4.3.5 The material of tungsten carbide balls shall have a
density of 14.86 0.2 g/cm3, and the following chemical
composition:
Total other carbides 2.0 % maximum
Cobalt (Co) 5.0 to 7.0 %
Tungsten carbide (WC) balance
A3.4.3.6 The surface hardness of a steel ball shall not be
less than 746 HV1 in accordance with Test MethodE92 or
E384.
A3.4.3.7 For the purpose of verifying the requirements of
the ball given inA3.4.3, it is considered sufficient to test a
sample set of balls selected at random from a batch in
accordance with the schedule specified inTable A3.2. The balls
verified for hardness shall be discarded.
A3.4.3.8 To meet the above requirements for indenter balls,
the indenter standardizing laboratory may either verify that the
balls meet the requirements, or obtain a certificate of verifica-
tion from the ball manufacturer.
A3.4.4 Ball Holder—The ball holder shall meet the follow-
ing requirements:
A3.4.4.1 The material used to manufacture the portion of
the ball holder that supports the test force should have a
minimum hardness of 25 HRC.
A3.4.4.2 The ball shall protrude outside the holder a mini-
mum of 0.3 mm. This requirement may be verified by direct
measurement or by performing the appropriate Rockwell scale
test on a standardized test block that has an equivalent hardness
of 10 HRBW or softer. The protrusion is sufficient if the
hardness result is within6 1.5 of the certified value of the
block.
A3.4.5 Performance Verification of Ball Indenter Holders—
The influence of the ball indenter on the hardness value is not
due solely to the previously specified features of the ball, but
also on characteristics of the ball holder that may vary due to
manufacturing procedures. To examine these influences, the
performance of each new Class B and Class A ball holder shall
be verified in accordance with the schedule specified inTable
A3.2.
A3.4.5.1 The performance verification is accomplished by
making hardness measurements on test blocks meeting the
manufacturing requirements ofA4.3and having been standard-
ized using a standardizing machine which successfully passed
direct verification in accordance withA2.6.2. At least one test
block shall be tested for the Rockwell hardness scale and
hardness range given inTable A3.3, corresponding to the ball
size being verified. Some specially designed1⁄16 in. (1.588 mm)
Class B indenters may not be able to perform tests using the
Rockwell scales required for verification of normal indenters in





HRBW WC Ball - 1⁄16 in. (1.588 mm)
HRC Diamond Spheroconical
HRD Diamond Spheroconical
HREW WC Ball - 1⁄8 in. (3.175 mm)
HRFW WC Ball - 1⁄16 in. (1.588 mm)
HRGW WC Ball - 1⁄16 in. (1.588 mm)
HRHW WC Ball - 1⁄8 in. (3.175 mm)
HRKW WC Ball - 1⁄8 in. (3.175 mm)
HRLW WC Ball - 1⁄4 in. (6.350 mm)
HRMW WC Ball - 1⁄4 in. (6.350 mm)
HRPW WC Ball - 1⁄4 in. (6.350 mm)
HRRW WC Ball - 1⁄2 in. (12.70 mm)
HRSW WC Ball - 1⁄2 in. (12.70 mm)




HR15TW WC Ball - 1⁄16 in. (1.588 mm)
HR30TW WC Ball - 1⁄16 in. (1.588 mm)
HR45TW WC Ball - 1⁄16 in. (1.588 mm)
HR15WW WC Ball - 1⁄8 in. (3.175 mm)
HR30WW WC Ball - 1⁄8 in. (3.175 mm)
HR45WW WC Ball - 1⁄8 in. (3.175 mm)
HR15XW WC Ball - 1⁄4 in. (6.350 mm)
HR30XW WC Ball - 1⁄4 in. (6.350 mm)
HR45XW WC Ball - 1⁄4 in. (6.350 mm)
HR15YW WC Ball - 1⁄2 in. (12.70 mm)
HR30YW WC Ball - 1⁄2 in. (12.70 mm)
HR45YW WC Ball - 1⁄2 in. (12.70 mm)






When an indenter is new. When an indenter is new, and




When an indenter is new. Shall be within 12 months prior
to standardization testing and




When an indenter is new. When an indenter is new, and






Balls shall be verified for
dimensions when new.
Ball holders shall be verified for
ball protrusion when new.
Ball holders shall be verified
when new, and when suspected
damage has occurred. (This
requirement does not apply
when simply replacing a ball.)
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Table A3.3. For example, this applies to thin-tip1⁄16 in. (1.588
mm) ball indenters that cannot support HRB scale test forces.
These limited scale indenters may be used provided they are
certified for the scale or scales they are designed to perform by
using the test block or blocks for those scales as defined in
Table A3.4. In all cases the test report shall define the scale or
scales the indenter is certified to perform.
A3.4.5.2 Prior to the performance verification, ensure that
the testing machine is working freely, and that the indenter to
be verified and anvil are seated adequately. Make at least two
hardness measurements on a uniform test piece. The results of
these measurements need not be recorded.
A3.4.5.3 On the standardized test block, make at least three
measurements distributed uniformly over the test surface.
Determine the difference between the average of the three or
more measurements and the calibrated value of the test block.
A3.4.5.4 For acceptability, the difference shall be within the
tolerances specified inTable A3.3 for the class of indenter
being verified orTable A3.4for the singular or limited scale
indenter being verified.
A3.4.6 Ball indenters frequently consist of a holder and a
removable cap that allows periodic changing of the ball.
Indenter caps can be damaged during use and therefore may
have to be replaced. When the cap is replaced with a new cap,
the ball indenter assembly shall be performance tested before
use by performing a daily verification according toA1.5.3.1.
The test block used should have a hardness equal to or softer
than the softest material that is expected to be tested using the
indenter. The verification may be performed by the indenter
owner or a calibration agency. A testing machine that meets the
requirements ofAnnex A1 shall be used for this verification.
A3.5 Class B Diamond Indenters
A3.5.1 Class B diamond indenters are intended for every
day use to perform Rockwell hardness measurements. They
shall be verified for correct geometry and performance in
accordance with the schedule specified inTable A3.2.
A3.5.2 Geometric Requirements of Class B Diamond In-
denters:
A3.5.2.1 The polished portion of the diamond indenter shall
be free from surface defects (cracks, chips, pits, etc.) when
observed under a 20× magnification. The indenter shall be
polished to such an extent that no unpolished part of its surface
makes contact with the test piece when the indenter penetrates
to a depth of 0.3 mm.
A3.5.2.2 Verification of the following geometric features
shall be made at not less than four approximately equally
spaced full cross-section profiles. For example, four profiles
would be spaced at approximately 45° intervals.
A3.5.2.3 The diamond shall have an included angle of
1206 0.35° (seeFig. A3.1).
A3.5.2.4 The tip of the diamond shall be spherical with a
mean radius of 0.2006 0.010 mm (seeFig. A3.1). In each
measured section, the radius shall be within 0.2006 0.015
mm, and local deviations from a true radius shall not exceed
0.002 mm.
A3.5.2.5 The surfaces of the cone and spherical tip shall
blend in a tangential manner.
A3.5.2.6 The instrument(s) used to verify the geometrical
features shall be capable of measuring to the accuracies given
in Table A3.5.
A3.5.2.7 The verification of the geometrical features of the
diamond may be made by direct measurement or by measure-
ment of it’s projection on a screen provided the accuracy
requirements are met.
A3.5.2.8 When the projection on a screen method is used,
the contour of the diamond projection is compared to lines on
the screen that indicate the dimensional tolerance limits. In this
case, measurement values for the geometrical features are not
required. It is sufficient to state that the features are within
tolerances.
A3.5.3 Performance Verification of Class B Diamond In-
denters:
A3.5.3.1 The influence of the diamond indenter on the
hardness value is not due solely to the previously specified
features of the indenter, but also on other characteristics that
vary due to manufacturing procedures. To examine these
influences, the performance of each Class B indenter shall be
TABLE A3.3 Test Blocks to be Used for Class A and Class B Ball
Indenter Performance Verifications and the Maximum Toleran ce











1⁄16 (1.588) 20 to 100 HRBW ± 0.4 HRBW ± 0.8 HRBW
1⁄8 (3.175) 68 to 92 HREW ± 0.4 HREW ± 0.8 HREW
1⁄4 (6.350) HRLW, HRMW, or
HRPW (any level)
± 0.4 HR ± 0.8 HR
1⁄2 (12.70) HRRW, HRSW, or
HRVW (any level)
± 0.4 HR ± 0.8 HR
TABLE A3.4 Test Blocks to be used for Singular or Limited Scal e
Ball Indenter Performance Verifications and the Maximum










67 to 90 HR15TW ± 0.8 HR15TW
1⁄16 (1.588)
HR30TW scale
30 to 77 HR30TW ± 0.8 HR30TW




verified by comparison to the performance of aqualifying
Class A or Reference indenter.
A3.5.3.2 Diamond indenters may be verified for use on
limited Rockwell scales as follows: regular Rockwell scales
only; superficial Rockwell scales only; or both regular and
superficial Rockwell scales. Special diamond indenters in-
tended for single or limited scale use and indenters, such as
side cut diamond indenters, that because of their geometries
cannot support the heavier loads of some Rockwell scales are
also allowed. In all cases the test report shall define the scale or
scales the indenter is certified to perform.
A3.5.3.3 The performance verification is accomplished by
making hardness measurements on test blocks meeting the
manufacturing requirements ofA4.3.
A3.5.3.4 Prior to the performance verification, ensure that
the testing machine is working freely, and that the indenter and
anvil are seated adequately. Make at least two hardness
measurements on a uniform test piece using a total force of 150
kgf, or the greatest test force that the indenter can support. The
results of these measurements need not be recorded. This
procedure shall be repeated each time the indenter is changed.
A3.5.3.5 Using thequalifying indenter, perform the daily
verification procedures ofA1.5.3 for the scales and hardness
levels that will be used for the indenter performance verifica-
tion. If any of the errorE measurements or the repeatabilityR
measurements fall outside of the specified tolerances, the
standardizing machine shall not be considered to have passed
the verification, and shall not be used for standardization until
the problem is determined and corrections have been made.
Once corrections have been made, the verification procedure
shall be repeated. This verification procedure is required only
at the start of the indenter performance verification.
A3.5.3.6 The following procedures for performance verifi-
cation involve makingqualifyinghardness tests on test blocks
with a Class A or Reference indenter, then performingverifi-
cationtests on the same blocks with the Class B indenters to be
verified.
A3.5.3.7 Using thequalifyingindenter, perform one set of at
least three qualifying tests on each test block from each range
defined inTable A3.6for the type of indenter to be verified.
Special singular or limited scale indenters (seeA3.5.3.2) shall
be certified for use on singular or limited scales using the test
blocks defined inTable A3.7. For example, if an HRA scale
only diamond indenter is desired, the two HRA scale test
blocks defined in the table would be used. If an indenter to be
used in the 15N and 30N scales only is desired, then 4 test
blocks would be used, 2 in the 15N scale and 2 in the 30N scale
as defined in the table. Record each test result and the location
of the indentation. LetH̄Q be the average of the qualifying
measurements.
A3.5.3.8 Using the Class B indenter to be verified, perform
verification tests on the test blocks previously tested with the
Class A or Reference indenter. Onev rification test shall be
made within 6 mm of each qualifying indent. LetH̄V be the
average of the verifying measurements.
A3.5.3.9 The number of verifying tests that can be made
adjacent to each qualifying test is limited by the requirements
to be within 6 mm of the qualifying indent while adhering to
the indent to indent spacing requirements given in7.9. To make
additional verifying tests, perform additional qualifying tests
with the Class A or Reference indenter, and repeat the above
verifying procedure. This process may be repeated until there
is no longer space on the test block.
A3.5.3.10 For acceptability, the difference between the
qualifying and verifying averages,H̄Q2H̄V, shall be within the
tolerances for Class B indenters ofTable A3.6or Table A3.7
for the singular or limited scale indenter being verified.
TABLE A3.5 Minimum Measuring Instrument Accuracies for







Straightness of the generatric line
of the cone
(Class A and Reference indenters
only)
0.001 mm
TABLE A3.6 Test Blocks to be Used Class B Diamond Indenter
Performance Verifications and the Maximum Tolerance on the













Regular Scales Diamond 22 to 28 HRC
60 to 65 HRC
± 0.8 HRC
± 0.4 HRC
Superficial Scales Diamond 88 to 94 HR15N
60 to 69 HR30N






22 to 28 HRC
60 to 65 HRC
88 to 94 HR15N





TABLE A3.7 Test Blocks to be Used for Singular or Limited Scale
Diamond Indenter Performance Verifications and the Maximum











HRA Scale 61 to 65 HRA
81 to 84 HRA
± 0.8 HRA
± 0.5 HRA
HRD Scale 41 to 46 HRD
70 to 75 HRD
± 0.8 HRD
± 0.5 HRD
HR15N Scale 70 to 74 HR15N
88 to 94 HR15N
± 0.8 HR15N
± 0.5 HR15N
HR30N Scale 43 to 49 HR30N





A3.6 Class A Diamond Indenters
A3.6.1 Class A indenters are intended to be used for the
standardization of Class B indenters in accordance with this
Annex; the standardization of Rockwell hardness test blocks as
described inAnnex A4, and as a troubleshooting tool during
the indirect verification of Rockwell hardness testing machines
in accordance withAnnex A1. They are verified for correct
geometry and performance in accordance with the schedule
specified inTable A3.2.
A3.6.1.1 The instrument(s) used to verify the geometrical
features shall be capable of measuring to the accuracies given
in Table A3.5.
A3.6.2 A Class A diamond indenter shall meet all of the
manufacture and geometric requirements for a Class B dia-
mond indenter given inA3.5.2 with the following additional
requirements. See alsoNote A3.1.
A3.6.2.1 The deviation from straightness of the generatric
line of the diamond cone adjacent to the blend shall not exceed
0.002 mm over a minimum length of 0.40 mm.
A3.6.2.2 The angle between the axis of the indenter and the
axis normal to the seating surface of the indenter shall not
exceed 0.5°.
A3.6.3 Class A diamond indenters have tighter performance
tolerances than Class B diamond indenters. The performance
of each Class A indenter shall be verified by comparison to the
performance of a Reference indenter.
A3.6.4 Perform the qualifying and verifying measurements
as described inA3.5.3 for a Class B diamond indenter, except
that the qualifying measurements shall be made using a
Reference diamond indenter on each test block from each
range defined inTable A3.8 for the type of indenter to be
verified.
A3.6.4.1 For acceptability, the difference of the average of
the three qualifying measurements and the average of the three
verifying measurements,H̄Q2H̄V, shall be within the tolerance
specified for Class A diamond indenters inTable A3.8.
A3.7 Reference Diamond Indenters
A3.7.1 Reference diamond indenters are intended for the
standardization of Class A diamond indenters. The reference
indenter shall have tighter performance tolerances than Class A
and Class B indenters and shall be verified for performance by
comparison to an indenter recognized as the national reference
indenter(s) of a national Rockwell hardness standardizing
laboratory (seeNote A3.4).
NOTE A3.4—In the United States, the national Rockwell hardness
standardizing laboratory is the National Institute of Standards and
Technology (NIST).
A3.7.2 Geometric Requirements of Reference Diamond In-
denters:
A3.7.2.1 Verification of the following geometric features of
a Reference diamond spheroconical indenter shall be made at
not less than eight approximately equally spaced full cross-
section profiles. For example, eight profiles would be spaced at
approximately 22.5 degree intervals.
A3.7.3 A Reference diamond indenter shall meet all of the
manufacture and geometric requirements for a Class A dia-
mond indenter given inA3.6.2. See alsoNote A3.1.
A3.7.4 Performance Verification of Reference Diamond In-
denters:
A3.7.4.1 The performance comparison shall be performed
by a national Rockwell hardness standardizing laboratory, and
shall meet the performance tolerances ofTable A3.9.
A3.7.4.2 Perform the qualifying and verifying measure-
ments as described inA3.5.3for a Class B indenter, except that
at least four qualifying measurements shall be made using a
national reference indenter (seeA3.7.1) on each test block
from each range defined inTable A3.9for the type of indenter
to be verified.
A3.7.4.3 For acceptability, the difference of the average of
the five qualifying measurements and the average of the five
verifying measurements,H̄Q2H̄V, shall be within the tolerance
specified for Reference indenters inTable A3.9for each test
block used in the verification.
TABLE A3.8 Test Blocks to be Used for Class A Diamond
Indenter Performance Verifications and the Maximum Toleran ce












Regular Scales Diamond 80 to 83 HRA
22 to 28 HRC
42 to 50 HRC





Superficial Scales Diamond 88 to 94 HR15N
60 to 69 HR30N
42 to 50 HR30N







22 to 28 HRC
60 to 65 HRC
88 to 94 HR15N





TABLE A3.9 Test Blocks to be Used for Reference Indenter
Performance Verifications and the Maximum Tolerance on the













Regular Scales Diamond 22 to 28 HRC
62 to 65 HRC
± 0.3 HRC
± 0.3 HRC
Superficial Scales Diamond 88 to 94 HR15N





20 to 28 HRC
62 to 65 HRC
88 to 94 HR15N








A3.8.1 All indenters shall be serialized. When it is not
practical to mark the serial number on the indenter due to size
limitations, the serial number shall be marked on the container.
A3.8.2 Diamond indenters should be marked to indicate the
scales that they are certified to perform. For example, regular
scale diamond indenters may be marked with a “C” and
superficial scale diamond indenters may be marked with an
“N”. Combination indenters may be marked with both a “C”
and an “N”.
A3.8.3 Single or limited scale indenters shall be marked to
indicate the scale(s) they are certified to perform. When it is not
practical to mark the scale on the indenter due to size
limitations, the scale shall be marked on the container.
A3.9 Certificate
A3.9.1 Ball Indenters—Each Class B and Class A ball
indenter holder shall have a calibration certificate with the
following information:
A3.9.1.1 Reference to this ASTM test method.
A3.9.1.2 Serial number of the indenter.
A3.9.1.3 Date of standardization.
A3.9.1.4 A statement declaring that the indenter meets all of
the material hardness, ball protrusion and performance require-
ments for the particular Class of Rockwell ball indenter.
A3.9.1.5 Accreditation agency certification number.
A3.9.1.6 The scale(s) that the indenter is certified to per-
form when certified for singular or limited scales.
A3.9.2 Indenter balls for Class B and ClassA indenters shall
have a report, applicable to one or more balls, with the
following information:
A3.9.2.1 Reference to this ASTM test method.
A3.9.2.2 Identification of the lot or batch.
A3.9.2.3 A statement declaring that the ball meets all of the
geometrical, density, chemical composition and hardness re-
quirements for the particular Class of Rockwell ball indenter.
A3.9.3 Class B Diamond Indenters—Each Class B diamond
indenter shall have a calibration certificate with the following
information:
A3.9.3.1 Reference to this ASTM test method.
A3.9.3.2 Serial number of the indenter.
A3.9.3.3 Date of standardization.
A3.9.3.4 A statement declaring that the indenter meets all of
the geometrical and performance requirements for a Class B
indenter.
A3.9.3.5 Accreditation agency certification number.
A3.9.3.6 The scale(s) that the indenter is certified to per-
form when certified for singular or limited scales.
A3.9.4 Class A Diamond Indenters—Each Class A diamond
indenter shall have a calibration certificate with the following
information:
A3.9.4.1 Reference to this ASTM test method.
A3.9.4.2 Serial number of the indenter.
A3.9.4.3 Date of standardization.
A3.9.4.4 The results of all geometrical verifications.
A3.9.4.5 All qualifying and verifying performance mea-
surements with the hardness levels of the test blocks used.
A3.9.4.6 The performance differences between the Refer-
ence standardizing indenter and the verified Class A indenter
H̄Q2H̄V for each test block used.
A3.9.4.7 A statement declaring that the indenter meets all of
the geometrical and performance requirements for a Class A
indenter.
A3.9.4.8 Accreditation agency certification number.
A3.9.5 Reference Diamond Indenters—Each Reference dia-
mond indenter shall have a calibration certificate or report with
the following information:
A3.9.5.1 Serial number of the indenter.
A3.9.5.2 Date of standardization.
A3.9.5.3 The results of all geometrical verifications.
A3.9.5.4 Serial number of the reference indenter.
A3.9.5.5 All qualifying and verifying performance mea-
surements with the hardness levels of the test blocks used.
A3.9.5.6 The performance differences between the refer-
ence indenter and the verified Reference indenterH̄Q2H̄V for
each test block used.
A4. STANDARDIZATION OF ROCKWELL HARDNESS TEST BLOCKS
A4.1 Scope
A4.1.1 Annex A4specifies the requirements and procedures
for the standardization of Rockwell hardness test blocks that
are traceable to specific Rockwell hardness standards. These
standardized test blocks are to be used for the verification of
the performance of Rockwell and Rockwell superficial hard-
ness testing machines by way of daily verifications and indirect
verifications as described inAnnex A1. The standardized test
blocks are also to be used for the monitoring verifications of
Rockwell standardizing machines as described inAn ex A2.
A4.1.2 Adherence to this standard and annex provides
traceability to national standards, except as stated otherwise.
A4.2 Accreditation
A4.2.1 The agency conducting the standardizations of test
blocks shall be accredited to the requirements of ISO 17025 (or
an equivalent) by an accrediting body recognized by the
International Laboratory Accreditation Cooperation (ILAC) as
operating to the requirements of ISO/IEC 17011. The standard-
izing agency shall have a certificate/scope of accreditation
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stating the Rockwell hardness scales that are covered by the
accreditation, and the standards to which the test block
standardizations are traceable.
NOTE A4.1—Accreditation is a new requirement starting with this
edition of the standard.
A4.3 Manufacture
A4.3.1 The attention of the manufacturer of test blocks is
drawn to the need to use material and a manufacturing process
which will give the necessary homogeneity, stability of
structure, and uniformity of surface hardness. For quality
control purposes, test blocks should be examined for homoge-
neity and uniformity of surface hardness in accordance with a
statistically acceptable sampling procedure.
A4.3.2 The test blocks, if of steel, shall be demagnetized at
the end of the manufacturing process.
A4.3.3 To assure that material is not removed from the test
surface after standardization, an identifying mark shall be
made on the test surface. The mark shall be such that it can not
be removed by any method other than removal of test block
material.
A4.3.4 The standardized test block shall meet the physical
requirements ofTable A4.1.
A4.4 General Requirements
A4.4.1 The standardizing laboratory environment, the stan-
dardizing machine, and the standardizing test cycle shall
satisfy the requirements ofAnnex A2.
A4.4.2 All instruments used to make measurements re-
quired by this Annex shall have been calibrated traceable to
national standards where a system of traceability exists, except
as noted otherwise.
A4.5 Standardization Procedure
A4.5.1 A test block is standardized by calibrating the
average hardness of the test surface to a specific Rockwell
hardness standard. Only one surface of the test block shall be
calibrated. When possible, the test blocks should be calibrated
traceable to national Rockwell standards (seeNote A4.2). The
Rockwell standard to which the test blocks are traceable shall
be stated in the certification.
NOTE A4.2—In the United States, the national Rockwell hardness
standardizing laboratory is the National Institute of Standards and
Technology (NIST), Gaithersburg, MD 20899.
NOTEA4.3—Primary standardized test blocks are available as Standard
Reference Material from NIST, Gaithersburg, MD 20899.
A4.5.2 Class A ball indenters and Class A or Reference
diamond indenters as described inA nex A3(seeNote 3) shall
be used for the standardization of test blocks.
A4.5.3 The standardization procedure involves making
hardness measurements on the test block surface using the
forces and type of indenter that are appropriate for the hardness
scale.
A4.5.3.1 Make at least five measurements distributed uni-
formly over the test surface.
A4.5.4 Determine the nonuniformity rangeHR of the mea-
surements as:
HR 5 Hmax2 Hmin (A4.1)
where:
Hmax = highest hardness value, and
Hmin = lowest hardness value.
A4.5.4.1 The nonuniformity rangeHR of the standardizing
measurements provides an indication of the non-uniformity of
the test block hardness. For acceptability, the nonuniformity
rangeHR shall be within the tolerances ofTable A4.2.
A4.5.5 The standardized value of the test block is defined as
the average of the standardization measurementsH̄.
A4.5.6 In some cases, a more accurate standardized value
for the test block may be obtained by correcting the measured
average hardness value by a performance offset value for the
standardizing machine. The offset value may be based on the
errorE values measured during the last indirect verification of
the standardizing machine. For example, an appropriate offset
correction curve for each standardizing machine may be
calculated for a specific Rockwell scale by fitting a linear line
to the error values measured during the indirect verification.
TABLE A4.1 Physical Requirements of Standardized Test Bloc ks
Test Block Parameter Tolerance
Thickness $6.0 mm (0.236 in.)
#16.0 mm (0.630 in.)
Test surface area #2600 mm2 (4 in.2)
Deviation from surface flatness
(test & bottom)
#0.005 mm (0.0002 in.)
Deviation from surface parallelism
(test & bottom)
#0.0002 mm per mm
(0.0002 in. per in.)
Mean surface roughness
(test & bottom)
Ra # 0.003 mm (12 µin.)
center line average


























HREW, HRFW, HRGW, HRHW,
HRKW, HRLW, HRMW, HRPW,
HRRW, HRSW, HRVW
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The laboratory should be cautioned that the validity of calcu-
lating a correction curve in this way is dependent on the
linearity of the fit of the offset data across the entire scale.
A4.6 Marking
A4.6.1 Markings placed on the side of the block shall be
upright when the calibrated test surface is the upper surface.
A4.6.2 Each standardized block shall be marked with the
following.
A4.6.2.1 The standardized hardness value,H̄, of the test
block, rounded to no less than one decimal place in accordance
with PracticeE29, for example 61.4 HRC.
A4.6.2.2 The appropriate tolerance value for errorE given
in Table A1.3.
A4.6.2.3 Name or identifying mark of the standardizing
agency.
A4.6.2.4 A mark identifying the test surface, which will be
obliterated if the surface is reground.
A4.6.2.5 Unique serial number.
A4.6.2.6 Year of standardization. It is sufficient that the year
of standardization be incorporated into the serial number of the
block.
A4.7 Certificate
A4.7.1 Each standardized test block shall be supplied with a
certificate from the standardizing laboratory stating the follow-
ing standardization information:
A4.7.1.1 Serial number of the test block.
A4.7.1.2 The standardized hardness value,H̄, of the test
block with the scale designation, rounded to no less than one
decimal place in accordance with PracticeE29, for example
61.4 HRC.
A4.7.1.3 Value of the uncertainty in the standardized value
with a detailed explanation of how the uncertainty was
calculated.
A4.7.1.4 The individual standardizing hardness measure-
ments.
A4.7.1.5 A description of the testing cycle used, including
the dwell times for the preliminary force, total force and elastic
recovery.
A4.7.1.6 The body that maintains the Rockwell scale to
which the test block is traceable. For example, the national
Rockwell C scale maintained at NIST.
A4.7.1.7 Date of standardization.
A4.7.1.8 Accreditation agency certification number.
A5. GUIDELINES FOR DETERMINING THE MINIMUM THICKNESS OF A TEST PIECE
TABLE A5.1 A Minimum Thickness Guide for Selection of Scales
Using the Diamond Indenter (see Fig. A5.1)
NOTE 1—For any given thickness, the indicated Rockwell hardness is
the minimum value acceptable for testing. For a given hardness, material
of any greater thickness than that corresponding to that hardness can be











0.014 0.36 ... ... ...
0.016 0.41 86 69 ...
0.018 0.46 84 65 ...
0.020 0.51 82 61.5 ...
0.022 0.56 79 56 69
0.024 0.61 76 50 67
0.026 0.66 71 41 65
0.028 0.71 67 32 62
0.030 0.76 60 19 57
0.032 0.81 ... ... 52
0.034 0.86 ... ... 45
0.036 0.91 ... ... 37
0.038 0.96 ... ... 28
0.040 1.02 ... ... 20
A These approximate hardness numbers are for use in selecting a suitable scale
and should not be used as hardness conversions. If necessary to convert test
readings to another scale, refer to Hardness Conversion Tables E140 (Relation-
ship Between Brinell Hardness, Vickers Hardness, Rockwell Hardness, Rockwell
Superficial Hardness, and Knoop Hardness).
E18 − 15
25
TABLE A5.2 A Minimum Thickness Guide for Selection of Scales
Using the 1/16 in. (1.588 mm) Diameter Ball Indenter
(see Fig. A5.2)
NOTE 1—For any given thickness, the indicated Rockwell hardness is
the minimum value acceptable for testing. For a given hardness, material
of any greater thickness than that corresponding to that hardness can be











0.022 0.56 ... ... ...
0.024 0.61 98 72 94
0.026 0.66 91 60 87
0.028 0.71 85 49 80
0.030 0.76 77 35 71
0.032 0.81 69 21 62
0.034 0.86 ... ... 52
0.036 0.91 ... ... 40
0.038 0.96 ... ... 28
0.040 1.02 ... ... ...
A These approximate hardness numbers are for use in selecting a suitable scale
and should not be used as hardness conversions. If necessary to convert test
readings to another scale refer to Hardness Conversion Tables E140 (Relationship
Between Brinell Hardness, Vickers Hardness, Rockwell Hardness, Rockwell
Superficial Hardness and Knoop Hardness).
TABLE A5.3 A Minimum Thickness Guide for Selection of Scales Using the Diamond Indenter (see Fig. A5.1)
NOTE 1—For any given thickness, the indicated Rockwell hardness is the minimum value acceptable for testing. For a given hardness, material of any




















0.006 0.15 92 65 ... ... . .. ...
0.008 0.20 90 60 ... ... ... ...
0.010 0.25 88 55 ... ... ... ...
0.012 0.30 83 45 82 65 77 69.5
0.014 0.36 76 32 78.5 61 74 67
0.016 0.41 68 18 74 56 72 65
0.018 0.46 ... ... 66 47 68 61
0.020 0.51 ... ... 57 37 63 57
0.022 0.56 ... ... 47 26 58 52.5
0.024 0.61 ... ... ... ... 51 47
0.026 0.66 ... ... ... ... 37 35
0.028 0.71 ... ... ... ... 20 20.5
0.030 0.76 ... ... ... ... ... ...
A These approximate hardness numbers are for use in selecting a suitable scale, and should not be used as hardness conversions. If necessary to convert test readings
to another scale, refer to Hardness Conversion Tables E140 (Relationship Between Brinell Hardness, Vickers Hardness, Rockwell Hardness, Rockwell Superficial
Hardness and Knoop Hardness).
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TABLE A5.4 A Minimum Thickness Guide for Selection of Scales Using the 1/16 in. (1.588 mm) Diameter Ball Indenter (see Fig. A5.2)
NOTE 1—For any given thickness, the indicated Rockwell hardness is the minimum value acceptable for testing. For a given hardness, material of any




















0.010 0.25 91 93 ... ... ... ...
0.012 0.30 86 78 ... ... ... ...
0.014 0.36 81 62 80 96 ... ...
0.016 0.41 75 44 72 84 71 99
0.018 0.46 68 24 64 71 62 90
0.020 0.51 ... ... 55 58 53 80
0.022 0.56 ... ... 45 43 43 70
0.024 0.61 ... ... 34 28 31 58
0.026 0.66 ... ... ... ... 18 45
0.028 0.71 ... ... ... ... 4 32
0.030 0.76 ... ... ... ... ... ...
A These approximate hardness numbers are for use in selecting a suitable scale, and should not be used as hardness conversions. If necessary to convert test readings




NOTE 1—Locate a point corresponding to the thickness-hardness combination to be tested. Only scales falling to the left of this point may be used to
test this combination.
FIG. A5.1 Thickness Limits for Rockwell Hardness Testing Us ing the Diamond Indenter
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A6. HARDNESS VALUE CORRECTIONS WHEN TESTING ON CONVEX CYLIN DRICAL SURFACES
NOTE 1—Locate a point corresponding to the thickness-hardness combination to be tested. Only scales falling to the left of this point may be used to
test this combination.
FIG. A5.2 Thickness Limits for Rockwell Hardness Testing Us ing the 1/16-in. (1.588-mm) Diameter Ball Indenter
E18 − 15
29
TABLE A6.1 Corrections to be Added to Rockwell C, A, and D Valu es Obtained on Convex Cylindrical Surfaces of Various Diame ters A
Dial
Reading



















Corrections to be Added to Rockwell C, A, and D ValuesB
20 6.0 4.5 3.5 2.5 2.0 1.5 1.5 1.0 1.0
25 5.5 4.0 3.0 2.5 2.0 1.5 1.0 1.0 1.0
30 5.0 3.5 2.5 2.0 1.5 1.5 1.0 1.0 0.5
35 4.0 3.0 2.0 1.5 1.5 1.0 1.0 0.5 0.5
40 3.5 2.5 2.0 1.5 1.0 1.0 1.0 0.5 0.5
45 3.0 2.0 1.5 1.0 1.0 1.0 0.5 0.5 0.5
50 2.5 2.0 1.5 1.0 1.0 0.5 0.5 0.5 0.5
55 2.0 1.5 1.0 1.0 0.5 0.5 0.5 0.5 0
60 1.5 1.0 1.0 0.5 0.5 0.5 0.5 0 0
65 1.5 1.0 1.0 0.5 0.5 0.5 0.5 0 0
70 1.0 1.0 0.5 0.5 0.5 0.5 0.5 0 0
75 1.0 0.5 0.5 0.5 0.5 0.5 0 0 0
80 0.5 0.5 0.5 0.5 0.5 0 0 0 0
85 0.5 0.5 0.5 0 0 0 0 0 0
90 0.5 0 0 0 0 0 0 0 0
A When testing cylindrical specimens, the accuracy of the test will be seriously affected by alignment of elevating screw, V-anvil, indenters, surface finish, and the
straightness of the cylinder.
B These corrections are approximate only and represent the averages to the nearest 0.5 Rockwell number, of numerous actual observations.
TABLE A6.2 Corrections to be Added to Rockwell B, F, and G Valu es Obtained on Convex Cylindrical Surfaces of Various Diame ters A
Hardness
Reading















Corrections to be Added to Rockwell B, F, and G ValuesB
0 12.5 8.5 6.5 5.5 4.5 3.5 3.0
10 12.0 8.0 6.0 5.0 4.0 3.5 3.0
20 11.0 7.5 5.5 4.5 4.0 3.5 3.0
30 10.0 6.5 5.0 4.5 3.5 3.0 2.5
40 9.0 6.0 4.5 4.0 3.0 2.5 2.5
50 8.0 5.5 4.0 3.5 3.0 2.5 2.0
60 7.0 5.0 3.5 3.0 2.5 2.0 2.0
70 6.0 4.0 3.0 2.5 2.0 2.0 1.5
80 5.0 3.5 2.5 2.0 1.5 1.5 1.5
90 4.0 3.0 2.0 1.5 1.5 1.5 1.0
100 3.5 2.5 1.5 1.5 1.0 1.0 0.5
A When testing cylindrical specimens, the accuracy of the test will be seriously affected by alignment of elevating screw, V-anvil, indenters, surface finish, and the
straightness of the cylinder.
B These corrections are approximate only and represent the averages to the nearest 0.5 Rockwell number, of numerous actual observations.

















Corrections to be Added to Rockwell Superficial 15N, 30N, and 45N ValuesB
20 6.0 3.0 2.0 1.5 1.5 1.5
25 5.5 3.0 2.0 1.5 1.5 1.0
30 5.5 3.0 2.0 1.5 1.0 1.0
35 5.0 2.5 2.0 1.5 1.0 1.0
40 4.5 2.5 1.5 1.5 1.0 1.0
45 4.0 2.0 1.5 1.0 1.0 1.0
50 3.5 2.0 1.5 1.0 1.0 0.5
55 3.5 2.0 1.5 1.0 0.5 0.5
60 3.0 1.5 1.0 1.0 0.5 0.5
65 2.5 1.5 1.0 0.5 0.5 0.5
70 2.0 1.0 1.0 0.5 0.5 0.5
75 1.5 1.0 0.5 0.5 0.5 0
80 1.0 0.5 0.5 0.5 0 0
85 0.5 0.5 0.5 0.5 0 0
90 0 0 0 0 0 0
A When testing cylindrical specimens the accuracy of the test will be seriously affected by alignment of elevating screw, V-anvil, indenters, surface finish, and the
straightness of the cylinder.





X1. LIST OF ASTM SPECIFICATIONS GIVING HARDNESS VALUES CORRESPONDING TO TENSILE STRENGTH
X1.1 The following ASTM standards give approximate
Rockwell hardness or Rockwell superficial hardness values
corresponding to the tensile strength values specified for the
materials covered: Test Methods and DefinitionsA370 and
SpecificationsB19, B36/B36M, B96/B96M, B103/B103M,
B121/B121M, B122/B122M, B130, B134/B134M, B152/
B152M, andB370.
X2. EXAMPLES OF PROCEDURES FOR DETERMINING ROCKWELL HARDNESS UNCERTAINTY
X2.1 Scope
X2.1.1 The intent of this appendix is to provide a basic
approach to evaluating the uncertainty of Rockwell hardness
measurement values in order to simplify and unify the inter-
pretation of uncertainty by users of Rockwell hardness.
X2.1.2 This appendix provides basic procedures for deter-
mining the uncertainty of the following values of hardness:
X2.1.2.1 The Hardness Machine “Error” Determined as
Part of an Indirect Verification(see X2.6)—As part of an
indirect verification, a number of Rockwell hardness measure-
ments are made on a reference test block. The average of the
measurement values is compared to the certified value of the
reference block to determine the “error” (see3.2.2) of the
hardness machine. The procedure described in sectionX2.6
provides a method for determining the uncertainty in this
measurement “error” of the hardness machine. The uncertainty
value may be reported on the verification certificate and report.
X2.1.2.2 Rockwell Hardness Value Measured by a User( e
X2.7)—The procedure provides a method for determining the
uncertainty in the hardness values measured by a user during
the normal use of a Rockwell hardness machine. The user may
report the uncertainty value with the measurement value.
X2.1.2.3 Certified Value of a Rockwell Hardness Test Block
(seeX2.8) —The procedure provides a method for determining
the uncertainty in the certified value of standardized test
blocks. The standardizing agency may report the uncertainty
value on the test block certificate.
NOTE X2.1—When calculated, uncertainty values reported by a field
calibration agency (seeX2.6) are not the measurement uncertainties of the
hardness machine in operation, but only that of the measurements made at
the time of verification to determine machine “error.”
NOTE X2.2—The procedures outlined in this appendix for the determi-
nation of uncertainties are based primarily on measurements made as part
of the verification and standardization procedures of this test method. This
is done to provide a method that is based on familiar procedures and
practices of Rockwell hardness users and standardizing agencies. The
reader should be aware that there are other methods that may be employed
to determine the same uncertainties, which may provide more accurate
estimations of the uncertainty values.
NOTE X2.3—This standard states tolerances or limits on the acceptable
repeatability and error of a Rockwell hardness machine (Table A1.3) and
the nonuniformity of standardized blocks (Table A4.2). These limit values
were originally established based on the testing experience of many users
of the Rockwell hardness test, and therefore reflect the normal perfor-
mance of a properly functioning Rockwell hardness machine, including
the normal errors associated with the measurement procedure and the
machine’s performance. Because the limits are based on testing
experience, it is believed that the stated limit values take into account a
level of uncertainty that is typical for valid Rockwell hardness measure-
ments. Consequently, when determining compliance withTable A1.3and
Table A4.2, the user’s measurement uncertainty should not be subtracted
from the tolerance limit values given in the tables, as is commonly done
for other types of metrological measurements. The calculated values for
repeatability, error or block nonuniformity should be directly compared to
the tolerance limits given in the tables.
NOTE X2.4—Most product specification tolerances for Rockwell hard-
ness were established based on testing and performance experience. The



















Corrections to be Added to Rockwell Superficial 15T, 30T, and 45T ValuesB
20 13.0 9.0 6.0 4.5 4.5 3.0 2.0
30 11.5 7.5 5.0 3.5 3.5 2.5 2.0
40 10.0 6.5 4.5 3.5 3.0 2.5 2.0
50 8.5 5.5 4.0 3.0 2.5 2.0 1.5
60 6.5 4.5 3.0 2.5 2.0 1.5 1.5
70 5.0 3.5 2.5 2.0 1.5 1.0 1.0
80 3.0 2.0 1.5 1.5 1.0 1.0 0.5
90 1.5 1.0 1.0 0.5 0.5 0.5 0.5
A When testing cylindrical specimens, the accuracy of the test will be seriously affected by alignment of elevating screw, V-anvil, indenters, surface finish, and the
straightness of the cylinder.
B These corrections are approximate only and represent the averages to the nearest 0.5 Rockwell number, of numerous actual observations.
E18 − 15
31
tolerance values reflect the normal performance of a properly functioning
Rockwell hardness machine, including the normal acceptable errors
associated with the hardness measurement process. For these products, the
stated tolerance limits take into account a level of uncertainty that is
typical for valid Rockwell hardness measurements. Consequently, when
acceptance testing most products for Rockwell hardness, the user’s
measurement uncertainty should not be subtracted from the tolerance limit
values given in the specification. The measured hardness values should be
directly compared to the tolerances. There may be exceptional circum-
stances where the hardness of a product must fall within determined
ranges to a high level of confidence. In these rare occasions, special
agreement between the parties involved should be obtained before the
hardness measurement uncertainty is subtracted from the tolerance limits.
Before such an agreement is made, it is recommended that the product
design take into consideration the anticipated influence of material and
metallurgical factors on the product variation as well as typical industry
hardness uncertainty values.
X2.1.3 This appendix does not address uncertainties at the
primary reference standardizing level.
X2.2 Equations
X2.2.1 The average (AVG), H̄, of a set of n hardness
measurementsH1, H2, …, Hn is calculated as:





X2.2.2 The standard deviation (STDEV ) of a set of n
hardness measurementsH1, H2, …, Hn is calculated as:
STDEV~H1, H2, …, Hn! 5Œ~H1 2 HH!21…1~Hn 2 HH!2n 2 1
(X2.2)
where H̄ is the average of the set ofn hardness measure-
mentsH1, H2, …, Hn as defined inEq X2.1.
X2.2.3 The absolute value (ABS) of a number is the mag-





X2.3.1 The approach for determining uncertainty presented
in this appendix considers only those uncertainties associated
with the overall measurement performance of the Rockwell
hardness machine with respect to reference standards. These
performance uncertainties reflect the combined effect of the
separate uncertainties associated with the numerous individual
components of the machine, such as the force application
system and indentation depth measuring system. Therefore, the
uncertainties associated with the individual components of the
machine are not included in the calculations. Because of this
approach, it is important that the individual machine compo-
nents are operating within tolerances. It is strongly recom-
mended that this procedure be applied only after successfully
passing a direct verification.
X2.3.2 The procedures given in this appendix are appropri-
ate only when the Rockwell hardness machine has passed an
indirect verification in accordance with the procedures and
schedules of this test method standard.
X2.3.3 The procedures for calculating the uncertainty of
Rockwell hardness measurement values are similar for both a
standardizing machine and testing machine. The principal
difference is in the hierarchy level of the reference test blocks
normally used for the indirect verification. Generally, standard-
izing machines are verified using primary reference standards,
and testing machines are standardized using secondary refer-
ence standards.
X2.3.4 To estimate the overall uncertainty of Rockwell
hardness measurement values, contributing components of
uncertainty must be determined. Because many of the uncer-
tainties may vary depending on the specific hardness scale and
hardness level, an individual measurement uncertainty should
be determined for each hardness scale and hardness level of
interest. In many cases, a single uncertainty value may be
applied to a range of hardness levels based on the laboratory’s
experience and knowledge of the operation of the hardness
machine.
X2.3.5 Uncertainty should be determined with respect to a
country’s highest level of reference standard or the national
reference standard of another country. In some cases, the
highest level of reference standard may be a commercial
reference standard.
X2.4 General Procedure
X2.4.1 This procedure calculates a combined standard un-
certainty uc by combining the contributing components of
uncertaintyu1, u2, …, un, such that:
uc 5 =u121u221…1un2 (X2.3)
X2.4.2 Measurement uncertainty is usually expressed as an
expanded uncertaintyU which is calculated by multiplying the
combined standard uncertaintyuc by a numerical coverage
factor k, such that:
U 5 k 3 uc (X2.4)
X2.4.3 A coverage factor is chosen that depends on how
well the standard uncertainty was estimated (number of
measurements), and the level of uncertainty that is desired. For
this analysis, a coverage factor ofk = 2 should be used. This
coverage factor provides a confidence level of approximately
95 %.
X2.4.4 The measurement biasB of the hardness machine is
the difference between the expected hardness measurement
values as displayed by the hardness machine and the “true”
hardness of a material. Ideally, measurement biases should be
corrected. When test systems are not corrected for measure-
ment bias, as often occurs in Rockwell hardness testing, the
bias then contributes to the overall uncertainty in a measure-
ment. There are a number of possible methods for incorporat-
ing biases into an uncertainty calculation, each of which has
both advantages and disadvantages. A simple and conservative
method is to combine the bias with the calculation of the
expanded uncertainty as:
U 5 kuc1ABS~B! (X2.5)
whereABS(B) is the absolute value of the bias.
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X2.4.5 Because several approaches may be used to evaluate
and express measurement uncertainty, a brief description of
what the reported uncertainty values represent should be
included with the reported uncertainty value.
X2.5 Sources of Uncertainty
X2.5.1 This section describes the most significant sources
of uncertainty in a Rockwell hardness measurement and
provides procedures and formulas for calculating the total
uncertainty in the hardness value. In later sections, it will be
shown how these sources of uncertainty contribute to the total
measurement uncertainty for the three measurement circum-
stances described inX2.1.2.
X2.5.2 The sources of uncertainty to be discussed are (1) the
hardness machine’s lack of repeatability, (2) the non-
uniformity in hardness of the material under test, (3) the
hardness machine’s lack of reproducibility, (4) the resolution
of the hardness machine’s measurement display, and (5) the
uncertainty in the certified value of the reference test block
standards. An estimation of the measurement bias and its
inclusion into the expanded uncertainty will also be discussed.
X2.5.3 Uncertainty Due to Lack of Repeatability (uRepeat)
and when Combined with Non-uniformity (uRep& NU)—The
repeatability of a hardness machine is an indication of how
well it can continually produce the same hardness value each
time a measurement is made. Imagine there is a material, which
is perfectly uniform in hardness over its entire surface. Also
imagine that hardness measurements are made repeatedly on
this uniform material over a short period of time without
varying the testing conditions (including the operator). Even
though the actual hardness of every test location is exactly the
same, it would be found that due to random errors each
measurement value would differ from all other measurement
values (assuming sufficient measurement resolution).
Therefore, lack of repeatability prevents the hardness machine
from being able to always measure the true hardness of the
material, and hence contributes to the uncertainty in the
measurement.
X2.5.3.1 The contribution that a hardness machine’s lack of
repeatability makes to the overall measurement uncertainty is
determined differently depending on whether a single measure-
ment value or an average of multiple measurements is to be
reported. Additionally, in cases where the reported average
measurement value is intended to be an estimate of the average
hardness of the material tested, the uncertainty contributions
due to the machine’s lack of repeatability and the non-
uniformity in the hardness of the test material are difficult to
separate and must be determined together. The uncertainty
contributions for each of these circumstances may be estimated
as follows.
X2.5.3.2 Single Hardness Measurement—For a future
single hardness measurement, the standard uncertainty contri-
bution uRepeat, due to the lack of repeatability, may be esti-
mated by the standard deviation of the values from a number of
hardness measurements made on a uniform test sample as:
uRepeat5 STDEV~H1, H2, …, Hn! (X2.6)
whereH1, H2, ..., Hn are then hardness values. In general,
the estimate of repeatability is improved as the number of
hardness measurements is increased. Usually, the hardness
values measured during an indirect verification will provide an
adequate estimate ofuRepeat; however, the caution given in
Note X2.6should be considered. It may be more appropriate
for the user to determine a value ofuRepeatby making hardness
measurements close together (within spacing limitations) on a
uniform material, such as a test block.
NOTE X2.5—The uncertaintyuRepeat, due to the lack of repeatability of
a hardness machine as discussed above, should not be confused with the
historically defined “repeatability” that is a requirement to be met as part
of an indirect verification (see3.2.3). The calculations of the uncertainty
uRepeatand of the historically defined repeatability do not produce the
same value. The uncertaintyuRepeat is the contribution to the overall
uncertainty of a hardness measurement value due to a machine’s lack of
repeatability, while the historically defined repeatability is the range of
hardness values measured during an indirect verification.
NOTE X2.6—All materials exhibit some degree of hardness non-
uniformity across the test surface. Therefore, the above evaluation of the
uncertainty contribution due to the lack of repeatability will also include
a contribution due to the hardness non-uniformity of the measured
material. When evaluating repeatability as discussed above, any uncer-
tainty contribution due to the hardness non-uniformity should be mini-
mized as much as possible. The laboratory should be cautioned that if the
measurements of repeatability are based on tests made across the surface
of the material, then the repeatability value will likely include a significant
uncertainty contribution due to the material’s non-uniformity. Amachine’s
repeatability is better evaluated by making hardness measurements close
together (within spacing limitations).
X2.5.3.3 Average of Multiple Measurements—When the
average of multiple hardness test values is to be reported, the
standard uncertainty contributionuRepeatH , due to the lack of
repeatability of the hardness machine, may be estimated by
dividing the standard uncertainty contributionuRepeat(previ-
ously calculated from a number of hardness measurements
made on a uniform test sample, seeX2.5.3.1) by the square-





whereuRepeatis calculated byEq X2.6andnT is the number
of individual hardness test values being averaged.
X2.5.3.4 Estimate of the Material Hardness—Hardness
measurements are often made at several locations and the
values averaged in order to estimate the average hardness of
the material as a whole. For example, this may be done when
making quality control measurements during the manufacture
of many types of products; when determining the machine
“error” as part of an indirect verification; and when calibrating
a test block. Because all materials exhibit some degree of
hardness non-uniformity across the test surface, the extent of a
material’s non-uniformity also contributes to the uncertainty in
this estimate of the average hardness of the material. When the
average of multiple hardness measurement values is calculated
as an estimate of the average material or product hardness, it
may be desired to state the uncertainty in this value with
respect to the true hardness of the material. In this case, the
combined uncertainty contributions due to the lack of repeat-
ability in the hardness machine and the non-uniformity in the
test material may be estimated from the “standard deviation of
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the mean” of the hardness measurement values. This is
calculated as the standard deviation of the hardness values,
divided by the square-root of the number of measurements as:
uRep& NU 5
STDEV~HT1, HT2, …, HTn!
=nT
(X2.8)
whereHT1, HT2, ..., HTn are thenT measurement values.
X2.5.4 Uncertainty Due to Lack of Reproducibility
(uReprod)—The day-to-day variation in the performance of the
hardness machine is known as its level of reproducibility.
Variations such as different machine operators and changes in
the test environment often influence the performance of the
hardness machine. The level of reproducibility is best deter-
mined by monitoring the performance of the hardness machine
over an extended period of time during which the hardness
machine is subjected to the extremes of variations in the testing
variables. It is very important that the test machine be in
control during the assessment of reproducibility. If the machine
is in need of maintenance or is operated incorrectly, the lack of
reproducibility will be over estimated.
X2.5.5 An assessment of a hardness machine’s lack of
reproducibility should be based on periodic monitoring mea-
surements of the hardness machine, such as daily verification
measurements made on the same test block over time. The
uncertainty contribution may be estimated by the standard
deviation of the average of each set of monitoring values, as:
uReprod5 STDEV~M1, M2, …, Mn! (X2.9)
whereM1, M2, ...,Mn are individual averages of each of the
n sets of multiple monitoring measurement values.
NOTE X2.7—The uncertainty contribution due to the lack of
reproducibility, as calculated inEq X2.10, also includes a contribution due
to the machine’s lack of repeatability and the non-uniformity of the
monitoring test block; however, these contributions are based on the
average of multiple measurements and should not significantly over-
estimate the reproducibility uncertainty.
X2.5.6 Uncertainty Due to the Resolution of the Hardness
Measurement Display (uResol)—The finite resolution of the
hardness value display prevents the hardness machine from
providing an absolutely accurate hardness value. However, the
influence of the display resolution on the measurement uncer-
tainty is usually only significant when the hardness display
resolution is no better than 0.5 Rockwell hardness units, such
as for some dial displays. The uncertainty contributionuResol,
due to the influence of the display resolution, may be described








wherer is the resolution limit that a hardness value can be
estimated from the measurement display in Rockwell hardness
units.
X2.5.7 Standard Uncertainty in the Certified Average Hard-
ness Value of the Reference Test Block (uRefBlk)—Reference test
blocks provide the link to the Rockwell standard to which
traceability is claimed. The certificate accompanying reference
test blocks should provide an uncertainty in the stated certified
value, and should state to which Rockwell standard the
reference test block value is traceable. This uncertainty con-
tributes to the measurement uncertainty of hardness machines
calibrated or verified with the reference test blocks. Note that
the uncertainty reported on reference test block certificates is
typically stated as an expanded uncertainty. As indicated byEq
X2.4, the expanded uncertainty is calculated by multiplying the
standard uncertainty by a coverage factor (often 2). This
analysis uses the standard uncertainty and not the expanded
uncertainty value. Thus, the uncertainty value due to the
uncertainty in the certified value of the reference test block





whereURefBlk is the reported expanded uncertainty of the
certified value of the reference test block, andkRefBlk is the
coverage factor used to calculate the uncertainty in the certified
value of the reference standard (usually 2).
X2.5.8 Measurement Bias (B)—The measurement bias is
the difference between the hardness measurement values as
displayed by the hardness machine and the “true” hardness of
a material. The measurement bias B may be estimated by the
“error” determined as part of the indirect verification as:
B 5 HH 2 HHRefBlk (X2.12)
where H̄ is the mean hardness value as measured by the
hardness machine during the indirect verification, and H¯ RefBlkis
the certified average hardness value of the reference test block
standard used for the indirect verification.
X2.6 Procedure for Calculating Uncertainty: Indirect
Verification
X2.6.1 As part of an indirect verification, the “error” of the
hardness machine is determined from the average value of
measurements made on a reference test block (see3.2.2). This
value provides an indication of how well the hardness machine
can measure the “true” hardness of a material. Since there is
always uncertainty in a hardness measurement, it follows that
there must be uncertainty in the determination of the average
value of the measurements, and thus the determination of the
machine “error.” This section provides a procedure that can be
used, for example by a field calibration agency, to estimate the
uncertaintyUMach in the measurement “error” of the hardness
machine determined as the difference between the average of
the measurement values and the certified value of the reference
block used for the verification.
X2.6.2 The contributions to the standard uncertainty of the
measurement “error,”uMach, are (1) uRep& NU (Ref. Block), the
uncertainty due to the lack of repeatability of the hardness
machine combined with the uncertainty due to the non-
uniformity in the reference test block (Eq X2.9), which is
determined from the hardness measurements made on a refer-
ence test block to determine the “error” of the hardness
machine, (2) uResol, the uncertainty due to the resolution of the
hardness machine measurement display (Eq X2.11), and (3)
uRefBlk, the standard uncertainty in the certified value of the
reference test block (Eq X2.12). The notation (Ref. Block) is
added to the termuRep& NU to clarify that the uncertainty is
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determined from measurements made on the reference block
used for the indirect verification.
X2.6.3 The combined standard uncertaintyuMach and the
expanded uncertaintyUMach are calculated by combining the
appropriate uncertainty components described above for each
hardness level of each Rockwell scale as:
uMach5 =uRep& NU2 ~Ref. Block!1uResol2 1uRefBlk2 (X2.13)
and
UMach5 kuMach (X2.14)
X2.6.4 For this analysis, a coverage factor ofk = 2 should
be used. This coverage factor provides a confidence level of
approximately 95 %.
NOTE X2.8—The uncertainty contributionuMach as calculated inEq
X2.14 does not include a contribution due to the machine’s lack of
reproducibility. This is because it is assumed that the indirect verification
is made while the hardness machine is operating at its optimal perfor-
mance level with the best possible environmental conditions.
NOTE X2.9—The expanded uncertaintyUMachwill commonly be larger
than the value of the hardness machine “error.”
X2.6.5 Reporting the Measurement Uncertainty—This ex-
panded uncertaintyUMach may be reported by a verification
agency to its customer as an indication of the uncertainty in the
hardness machine “error” reported as part of the indirect
verification of the Rockwell hardness machine. The value of
UMach should be supplemented with a statement defining to
what Rockwell scale and hardness level the uncertainty is
applicable, with an explanatory statement such as, “The
expanded uncertainty of the hardness machine “error” reported
as part of the indirect verification for the stated Rockwell
scale(s) and hardness level(s) is with respect to Rockwell
hardness reference standards maintained at ______________
(for example, NIST), and was calculated in accordance with
Appendix X2 of ASTM E18 with a coverage factor of 2
representing a confidence level of approximately 95 %.”
X2.6.6 The standard uncertainty valueMach can be used as
an uncertainty contribution when determining the measurement
uncertainty of future measurements made with the hardness
machine (seeX2.7 andX2.8).
X2.6.7 Example X2.1—As part of an indirect verification of
a Rockwell hardness machine, a verification agency needs to
report an estimate of the uncertainty of the hardness machine
“error.” For this example, an evaluation will only be made for
measurements made on the low range of the HRC scale. The
hardness machine has a digital display with a resolution of 0.1
HRC. The agency performs five verification measurements on
a low range HRC hardness block. The reported certified value
of the reference test block is 25.7 HRC with an expanded
uncertainty of URefBlk = 0.45 HRC. The five verification
measurements values are: 25.4, 25.3, 25.5, 25.3, and 25.7
HRC, resulting in an average value of 25.44 HRC, a repeat-
ability (range) value of 0.4 HRC and an “error” of −0.26 HRC.
Therefore:
uRep& NU ~Ref. Block! 5
STDEV~25.4, 25.3, 25.5, 25.3, 25.7!
=5










uMach5 =0.075210.029210.2252 5 0.239HRC, and
UMach5 ~2 30.239! 5 0.48HRC
Therefore, the uncertainty in the −0.26 HRC “error” in the
hardness machine is 0.48 HRC. Although this evaluation was
made on material having a hardness of approximately 25 HRC,
the uncertainty may be considered to apply to the entire low
range of the HRC scale. This calculation must be made for the
mid and high ranges of the HRC scale, as well as for the ranges
of the other Rockwell scales that are verified.
NOTE X2.10—The reader should be aware that in computing the final
uncertainty value in all examples in this appendix, no rounding of results
was done between steps. Consequently, if individual equations are solved
using the rounded values that are given at each step of this example, some
computed results might differ in value in the last decimal place from the
results stated.
X2.7 Procedure for Calculating Uncertainty: Rockwell
Hardness Measurement Values
X2.7.1 The uncertaintyUMeasin a hardness value measured
by a user may be thought of as an indication of how well the
measured value agrees with the “true” value of the hardness of
the material.
X2.7.2 Single Measurement Value—When measurement un-
certainty for a single hardness measurement value is to be
etermined, the contributions to the standard uncertaintyuMeas
are (1) uRepeat, the uncertainty due to the machine’s lack of
repeatability (Eq X2.6), (2) uReprod , the uncertainty contribu-
tion due to the lack of reproducibility (Eq X2.10), (3) uResol, the
uncertainty due to the resolution of the hardness machine
measurement display (Eq X2.11), and (4) uMach, the uncer-
tainty in determining the “error” of the hardness machine (Eq
X2.14). The combined standard uncertaintyuMeasis calculated
by combining the appropriate uncertainty components de-
scribed above for the applicable hardness level and Rockwell
scale as:
uMeas5 =uRepeat2 1uReprod2 1uResol2 1uMach2 (X2.15)
X2.7.3 Average Measurement Value—In the case that mea-
surement uncertainty is to be determined for an average value
of multiple hardness measurements, made either on the same
t st piece or multiple test pieces, the contributions to the
standard uncertaintyuMeasare (1) uRepeat—, the uncertainty due
to the machine’s lack of repeatability based on the average of
multiple measurements (Eq X2.8), (2) uReprod, the uncertainty
contribution due to the lack of reproducibility (Eq X2.10), (3)
uResol , the uncertainty due to the resolution of the hardness
machine measurement display (Eq X2.11), and (4) uMach, the
uncertainty in determining the “error” of the hardness machine
(Eq X2.14). The combined standard uncertaintyuMeas is
calculated by combining the appropriate uncertainty compo-










X2.7.4 The measurement uncertainty discussed above for
the single and average hardness values only represents the
uncertainties of the measurement process and are independent
of any test material non-uniformity.
X2.7.5 Average Measurement Value as an Estimate of the
Average Material Hardness—Measurement laboratories and
manufacturing facilities often measure the Rockwell hardness
of a test sample or product for the purpose of estimating the
average hardness of the test material. Usually, multiple hard-
ness measurements are made across the surface of the test
piece, and then the average of the hardness values is reported
as an estimation of the average hardness of the material. If it is
desired to report the uncertainty as an indication of how well
the average measurement value represents the true average
hardness of the material, then the contributions to the standard
uncertaintyuMeasare (1) uRep& NU (Material), the uncertainty
due to the machine’s lack of repeatability combined with the
uncertainty due to the material’s non-uniformity (Eq X2.9),
which is determined from the hardness measurements made on
the test material, (2) uReprod, the uncertainty contribution due to
the lack of reproducibility (Eq X2.10), (3) uResol, the uncer-
tainty due to the resolution of the hardness machine measure-
ment display (Eq X2.11), and (4) uMach, the uncertainty in
determining the “error” of the hardness machine (Eq X2.14).
The notation (Material ) is added to the termuRep& NUto clarify
that the uncertainty is determined from measurements made on
the material under test. The combined standard uncertainty
uMeas is calculated by combining the appropriate uncertainty
components described above for the applicable hardness level
and Rockwell scale as:
uMeas5 =uRep& NU2 ~Material!1uReprod2 1uResol2 1uMach2 (X2.17)
X2.7.6 When reporting uncertainty as an indication of how
well the average measurement value represents the true aver-
age hardness of the material, it is important to assure that a
sufficient number of measurements are made at the appropriate
test locations to provide an appropriate sampling of any
variations in the hardness of the material.
X2.7.7 The expanded uncertaintyUMeasis calculated for the
three cases discussed above as:
UMeas5 kuMeas1ABS~B! (X2.18)
For this analysis, a coverage factor ofk = 2 should be used.
This coverage factor provides a confidence level of approxi-
mately 95 %.
X2.7.8 Reporting Measurement Uncertainty:
X2.7.8.1 Single and Average Measurement Values—When
the reported measurement value is for a single hardness test or
the average of multiple hardness tests, then the value ofUMeas
should be supplemented with an explanatory statement such as,
“The expanded measurement uncertainty of the reported hard-
ness value (or average hardness value) is with respect to
Rockwell hardness reference standards maintained at ______
________ [for example, NIST], and was calculated in accor-
dance with Appendix X2 of ASTM E18 with a coverage factor
of 2 representing a confidence level of approximately 95 %.”
X2.7.8.2 Average Measurement Value as an Estimate of the
Average Material Hardness—When it is desired to report the
uncertainty as an indication of how well the average measure-
ment value represents the true average hardness of the material,
then the value ofUMeas should be supplemented with an
explanatory statement such as, “The expanded uncertainty of
the reported average hardness of the material under test is
based on uncertainty contributions from the measurement
process and from the hardness non-uniformity of the material.
The uncertainty is with respect to Rockwell hardness reference
standards maintained at ______________ [for example,
NIST], and was calculated in accordance with Appendix X2 of
ASTM E18 with a coverage factor of 2 representing a
confidence level of approximately 95 %.” If the test report does
not state the number of measurements that were averaged and
the locations that the measurements were made, then this
information should also be included as part of the brief
explanation of how the uncertainty was calculated.
X2.7.8.3 Example X2.2—For this example, a company tests
its product by making six Rockwell hardness measurements
across its surface as an estimate of the product hardness. The
hardness machine has a dial display that is judged to have a
reading resolution of 0.5 HRC. The values of the hardness
measurements of the product were 33, 31.5, 31.5, 32, 31, 32.5,
resulting in an average value of 31.92 HRC. The testing facility
would like to determine the measurement uncertainty in the
average hardness value. A hardness of 31.92 HRC is closest to
the low range of the HRC scale (seeTable A1.3). The last
indirect verification of the low range of the HRC scale reported
UMach = 0.8 HRC and an “error” of −0.3 HRC. Therefore:
uRep& NU ~Material! 5
STDEV~33, 31.5, 31.5, 32, 31, 32.5!
=6
or
uRep& NU ~Material! 5 0.300HRC
For this example, assume the hardness machine has been
monitored for an extended period of time, and fromEq X2.10,
it was determined thatuReprod= 0.21 HRC for the low range of










uMeas5 =0.300210.21210.144210.42 5 0.561HRC
and sinceB = −0.3 HRC,UMeas= (2 × 0.561) +ABS(−0.3),
or UMeas = 1.42 HRC for the average value of the hardness
measurements made on the single product item.
X2.8 Procedure for Calculating Uncertainty: Certified
Value of Standardized Test Blocks
X2.8.1 Standardizing laboratories engaged in the calibration
of reference test blocks must determine the uncertainty in the
reported certified value. This uncertainty UCert provides an
indication of how well the certified value would agree with the
“true” average hardness of the test block.
X2.8.2 Test blocks are certified as having an average
hardness value based on calibration measurements made across
the surface of the test block. This analysis is essentially
identical to the analysis given in5.3.1 for measuring the
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average hardness of a product. In this case, the product is a
calibrated reference test block. The contributions to the stan-
dard uncertaintyuCert of the certified average value of the test
block are (1) uRep& NU(Calib. Block), the uncertainty due to the
standardizing machine’s lack of repeatability combined with
the uncertainty due to the calibrated block’s non-uniformity
(Eq X2.9), which is determined from the calibration measure-
ments made on the test block, (2) uReprod, the uncertainty
contribution due to the lack of reproducibility (Eq X2.10), (3)
uResol, the uncertainty due to the resolution of the standardizing
machine’s measurement display (Eq X2.11), and (4) uMach, the
uncertainty in determining the “error” of the standardizing
machine (Eq X2.14). The notation (Calib.Block) is added to the
termuRep& NUto clarify that the uncertainty is determined from
calibration measurements made on the calibrated block.
X2.8.3 The combined standard uncertaintyuCert and the
expanded uncertaintyuCert are calculated by combining the
appropriate uncertainty components described above for each
hardness level of each Rockwell scale as:




X2.8.4 For this analysis, a coverage factor ofk = 2 should
be used. This coverage factor provides a confidence level of
approximately 95 %.
X2.8.5 Reporting the Measurement Uncertainty—The value
of UCert is an estimate of the uncertainty in the reported
certified average hardness value of a reference test block. The
reported value should be supplemented with a statement
defining to what Rockwell scale and hardness level the
uncertainty is applicable, with an explanatory statement such
as, “The expanded uncertainty in the certified value of the test
block is with respect to Rockwell hardness reference standards
maintained at ______________ [for example, NIST], and was
calculated in accordance with Appendix X2 of ASTM E18 with
a coverage factor of 2 representing a confidence level of
approximately 95 %.”
X2.8.6 Example X2.3—A secondary level test-block stan-
dardizing laboratory has completed the calibration of a test
block in the hardness range of 40 HRC. The values of the
calibration measurements of the block were 40.61, 40.72,
40.65, 40.61, and 40.55 HRC, resulting in an average value of
40.63 HRC and an E18 repeatability range of 0.17 HRC. The
laboratory must determine the uncertainty in the certified
average hardness value of the block. A hardness of 40 HRC is
considered within the mid-range of the HRC scale (seeTable
A1.3). The last indirect verification of the mid range of the
HRC scale reportedUMach= 0.16 HRC and an “error” of +0.11
HRC. The standardizing machine has a digital display with a
resolution of 0.01 HRC. Therefore:
uRep& NU ~Calib. Block! 5
STDEV~40.61, 40.72, 40.65, 40.61, 40.55!
=5
or
uRep& NU ~Calib. Block! 5 0.028HRC
For this example, let’s assume that the standardizing ma-
chine has been monitored for an extended period of time, and
fromEq X2.10, it was determined thatuReprod= 0.125 HRC for
the mid range of the HRC scale. Other uncertainty contribu-









uCert5 =0.028210.125210.003210.082 5 0.151HRC
and, sinceB= +0.11 HRC,UCert= (2 × 0.151) +ABS(+0.11),
or UCert = 0.41 HRC for the certified hardness value of the
single calibrated test block.
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SIDERURGIA.
ENSAYO DE TRACCIÓN PARA MATERIALES 
METÁLICOS. MÉTODO DE ENSAYO A 
TEMPERATURA AMBIENTE
1. OBJETO Y CAMPO DE APLICACIÓN
Esta norma especifica el método para el ensayo de tensión de materiales metálicos y define las
propiedades mecánicas que se pueden determinar a temperatura ambiente.
Para ciertos materiales metálicos y aplicaciones particulares, el ensayo de tensión debe estar
sujeto a normas específicas o requerimientos particulares.
2. REFERENCIAS
EN 10 002-2: Materiales metálicos; Ensayo de tensión. Parte 2. Verificación de las máquinas de
ensayo de tensión. 
ISO 2566-1: 1984, Acero. Conversión de los valores de elongación. Parte 1. Aceros al carbono y
de baja aleación.
ISO 2566-2: 1984, Acero. Conversión de los valores de elongación. Parte 2. Aceros austeníticos.
ISO/DIS 9513: Materiales metálicos. Verificación de extensómetros usados en ensayo uniaxial.
EU 18: 1979, Selección y preparación de muestras y probetas de ensayo  para aceros,
fundiciones de hierro y productos de acero.
3. PRINCIPIO
El ensayo comprende el alargamiento de una probeta de ensayo por fuerza de tensión,
generalmente hasta la rotura, con el propósito de determinar una o más de las propiedades
mecánicas definidas en el capítulo 4.
El ensayo se lleva a cabo a  temperatura ambiente entre 10 °C y 35 °C, a menos que se
especifique de otra manera. Los ensayos que se realizan bajo condiciones controladas se
efectúan a temperaturas de 23 °C ± 5 °C.
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4. DEFINICIONES
Para los propósitos de esta norma, se aplican las siguientes definiciones:
4.1 Longitud Calibrada (L): es la longitud de la sección cilíndrica o prismática de la probeta de 
ensayo en la que se va a medir la elongación en cualquier momento durante el ensayo. 
Particularmente  se hace una distinción entre:
4.1.1 Longitud Calibrada Inicial (Lo): longitud calibrada antes de la aplicación de la carga.
4.1.2 Longitud Calibrada Final (Lu): longitud calibrada después de la rotura de la probeta
ensayo (véase el numeral 11.1).
4.2 Longitud Paralela  (Lc): longitud de la sección reducida paralela de la probeta de ensayo.
Nota. El concepto de longitud paralela es reemplazado por el concepto de distancia entre marcas para probetas no
maquinadas.
4.3 Elongación: incremento de la longitud calibrada inicial (Lo) al final del ensayo.
4.4 Porcentaje de Elongación:  alargamiento expresado como un porcentaje de la longitud
calibrada inicial (Lo).
4.4.1 Porcentaje de elongación permanente: Incremento de la longitud calibrada inicial en una
probeta de ensayo después de eliminar el esfuerzo especificado (véase el numeral 4.9) y
expresado como un porcentaje de la longitud calibrada inicial (Lo).
4.4.2 Porcentaje de elongación después de la rotura (A):  elongación permanente de la longitud 
calibrada inicial después de la rotura (Lu-Lo) expresado como un porcentaje de la longitud
calibrada inicial (Lo).
Nota. En el caso de probetas de ensayo proporcionales, solamente si la longitud calibrada inicial es diferente de 
5.65 √So en donde So es la sección transversal de la longitud paralela, el símbolo A se complementa con un 
índice, que indica el coeficiente de proporcionalidad usado, por ejemplo:
A 11,3 =  significa el porcentaje de elongación en una longitud calibrada (Lo) de 11,3 √So.
En el caso de probetas de ensayo no proporcionales, el símbolo A se complementa con un índice que indica la longitud 
calibrada inicial usada, expresada en milímetros, por ejemplo:
A 80 mm  significa el porcentaje de elongación en una longitud calibrada (Lo) de 80 mm.
4.4.3 Porcentaje de elongación total a la rotura (At): alargamiento total (elongación elástica más 
elongación plástica) de la longitud calibrada en el momento de la rotura, expresado como un
porcentaje de la longitud calibrada inicial (Lo).
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4.4.4 Porcentaje de elongación al esfuerzo máximo: es el aumento en la longitud calibrada de
la probeta cuando la fuerza es máxima, expresado como un porcentaje de la longitud calibrada
inicial (Lo) Se hace una distinción entre el porcentaje de elongación total a la carga máxima (Agt) y 
el porcentaje de elongación no proporcional a la carga máxima  (Ag) (véase la Figura 1).
4.5 Longitud calibrada del extensómetro (Le): longitud de la sección paralela de la probeta de
ensayo usada para la medición del alargamiento por medio de un extensómetro (esta longitud
puede diferir de Lo y debe tener un valor más grande que b, d o D (véase la Tabla 1) pero menor 
que la longitud paralela (Lc).
4.6 Alargamiento: incremento de la longitud calibrada (Le) en el extensómetro en un momento 
dado del ensayo.
4.6.1 Porcentaje de alargamiento permanente: incremento de la longitud calibrada en el
extensómetro después de suspender en la probeta de ensayo un esfuerzo especificado, se
expresa como un porcentaje de la longitud calibrada de extensómetro (Le).
4.6.2 Porcentaje de alargamiento en el límite de fluencia (Ae): alargamiento entre el inicio de la
ductilidad dada por una deformación localizada y el comienzo de la deformación permanente
dada por un suave trabajo de endurecimiento. Se expresa como un porcentaje de la longitud
calibrada del extensómetro (Le).
4.7 Porcentaje de reducción de área (Z): cambio máximo en el área  de la sección transversal 
que ha ocurrido durante el ensayo (So-Su)  expresado como un porcentaje del área de la sección 
transversal inicial  (So).
4.8 Esfuerzo máximo  (Fm): la carga más alta que ha resistido la probeta durante el ensayo,
una vez ha sido superado el límite de fluencia.
4.9 Esfuerzo: carga en cualquier momento del ensayo dividida por el área de la sección
transversal inicial (So) de la probeta de ensayo.
4.9.1 Resistencia a la tensión (Rm): esfuerzo correspondiente a la máxima carga (Fm).
4.9.2 Resistencia a la fluencia (Límite de fluencia): cuando el material metálico muestra un
fenómeno de cedencia, se alcanza un punto durante el ensayo en el cual la deformación plástica 
aparece sin ningún incremento en la carga. Se hace una distinción entre:
4.9.2.1  Límite de fluencia superior (ReH): valor del esfuerzo en el momento en que se observa el
primer decrecimiento de la carga (véase la Figura 2).
4.9.2.2  Límite de fluencia inferior (ReL): el valor más bajo del esfuerzo en el campo plástico,
ignorando cualquier efecto transitorio (véase la Figura 2).
4.9.3 Prueba de resistencia con alargamiento no proporcional (Rp): el esfuerzo al cual el
alargamiento no proporcional es igual al porcentaje especificado de la longitud calibrada del
extensómetro (Le) (Véase la Figura 3). El símbolo que se usa es seguido por un sufijo que indica 
el porcentaje prescrito de la longitud calibrada del extensómetro, por ejemplo Rp 0,2 %.
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4.9.4 Prueba de resistencia con alargamiento total (Rt): el esfuerzo al cual la deformación total
(deformación elástica más deformación plástica) es igual al porcentaje especificado en la longitud 
calibrada del extensómetro (Le) (Véase la Figura 4). El símbolo es seguido por un sufijo que
indica el porcentaje prescrito de la longitud calibrada inicial del extensómetro por ejemplo:Rt 0,5 %.
4.9.5 Resistencia a la deformación permanente (Rr): el esfuerzo al cual después de eliminar la
carga, la elongación permanente de la longitud calibrada inicial (Lo) o la extensión permanente de 
la longitud calibrada del extensómetro (Le) no excede el valor especificado (Véase la Figura 5). El 
símbolo usado es seguido por un sufijo que indica el porcentaje especificado de la elongación o
del alargamiento permanente; por ejemplo: Rr 0,2 % .
Nota. Véase la Tabla 1 para efectos de la explicación de los números referenciados.
Figura 1. Definiciones de elongación
NORMA TÉCNICA COLOMBIANA NTC 2 (Tercera actualización)
5
Nota. Véase la Tabla 1 para la explicación correspondiente a los números referenciados.
Figura 2. Definiciones de límite de fluencia superior y límite de fluencia 
inferior para diferentes tipos de curvas
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Figura 3. Prueba de resistencia con alargamiento
no proporcional (Rp)
Figura 4. Prueba de resistencia con alargamiento
total (Rt)
Figura 5. Resistencia a la deformación permanente (Rr)
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5. SÍMBOLOS Y DESIGNACIONES
Los símbolos y sus correspondientes designaciones se relacionan en la Tabla 1.






1 a mm Espesor de la probeta de ensayo plana o de la pared de un tubo. 
2 b mm Ancho de la longitud paralela de la probeta de ensayo plana o ancho
promedio  de  la   platina longitudinal tomada de un tubo  o  ancho de un 
alambre plano.
 3  d mm Diámetro de la longitud paralela de una probeta circular o diámetro de
un alambre redondo  o  diámetro interno de un tubo.
4 D mm Diámetro externo de un tubo.
5 Lo mm Longitud calibrada inicial.
6 Lc mm Longitud paralela.
- Le mm Longitud calibrada del extensómetro.
7 Lt mm Longitud total de la probeta.
8 Lu mm Longitud final calibrada después de la rotura.
 9 So mm² Área de la sección transversal original de la longitud paralela.
10 Su mm² Área  mínima  de  la  sección transversal después de la rotura.
11 Z % Porcentaje de reducción de área
So - Su
----------  x 100
   So
12 - - Agarre de las mordazas.
Elongación
13 - mm Elongación después de la rotura  Lu-Lo.




15 Ae % Porcentaje de alargamiento en el límite de fluencia.
16 % Porcentaje de elongación no proporcional, a la carga máxima Fm.
Continua...







17 %  Porcentaje de elongación total, a la carga máxima Fm.
18  At %  Porcentaje de elongación total a la rotura.
19 - % Porcentaje  especificado  de extensión no proporcional.
20 - % Porcentaje de extensión total.
21 - % Porcentaje  especificado   de extensión  a la deformación permanente o 
elongación.
Carga Fm N Carga máxima.
22
Límite de fluencia - Prueba de resistencia - Resistencia a la tensión.
23 ReH N/mm² Límite de fluencia superior.
24 ReL N/mm² Límite de fluencia inferior.
25 Rm N/mm² Resistencia a la tensión.
26 Rp N/mm² Prueba  de  resistencia con extensión no proporcional.
27 Rr N/mm²  Resistencia a  la deformación permanente.
28  Rt N/mm² Prueba  de  resistencia  con extensión total.
- E N/mm² Módulo de elasticidad.
6. PROBETAS DE ENSAYO
6.1 FORMA Y DIMENSIONES
6.1.1 Generalidades
La forma y las dimensiones de las probetas de ensayo dependen de la forma y dimensiones de
los productos metálicos y de las propiedades mecánicas que se van a determinar.
La probeta de ensayo se obtiene generalmente por maquinado de una muestra del producto
trabajado o fundido.  Sin embargo los productos de sección transversal uniforme (perfiles, barras,
alambres, etc.) y también las probetas fundidas (fundiciones de hierro y aleaciones no ferrosas)
pueden ser sometidas a ensayo sin maquinado.
La sección transversal de las probetas de ensayo puede ser circular, cuadrada, rectangular,
anular o en casos especiales de cualquiera otra forma.
Las probetas de ensayo cuya longitud calibrada inicial se relacionada con el área inicial de la
sección transversal por la ecuación Lo = K √So, son llamadas probetas proporcionales.  El valor
adoptado internacionalmente  para K es 5,65.  La longitud calibrada inicial no debe ser menor de
20 mm.  Cuando el área de la sección transversal de la probeta de ensayo es demasiado
pequeña es necesario convenir un valor del coeficiente K más alto (preferiblemente 11,3) o se
puede ser usar una probeta no proporcional.
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En el caso en que se usen  probetas no proporcionales, la longitud calibrada inicial (Lo) se toma
independientemente  del área de la sección transversal inicial (So).
Las tolerancias dimensionales de las probetas de ensayo deben estar de acuerdo con los anexos 
referenciados (Véase el numeral 6.2).
6.1.2 Probetas maquinadas
Las probetas de ensayo maquinadas deben tener una curva de transición entre los agarres de las 
mordazas y la longitud paralela si estas son de diferentes dimensiones.
Las dimensiones de este radio de transición pueden ser importantes y se recomienda que se
definan en la especificación del material y si no están especificadas, se relacionan en el anexo
(véase el numeral 6.2).
Los extremos de agarre pueden ser de cualquier forma siempre y cuando se adapten a las
mordazas de la máquina de tensión.
La longitud paralela (Lc) o en el caso en donde la probeta de ensayo no tiene curva de transición, 
la longitud libre entre las mordazas siempre debe ser  mayor que la longitud inicial calibrada (Lo).
6.1.3 Probetas no maquinadas
Si la probeta es de una longitud no maquinada del producto o una barra de ensayo, la longitud
libre entre las mordazas debe ser suficiente para que las marcas calibradas queden a una
distancia razonable de las mordazas.
Las probetas de ensayo fundidas incorporarán un radio de transición entre los extremos de
agarre y la longitud paralela.  Las dimensiones de este radio de transición son importantes y se
recomienda que se definan en la norma del producto.  Los extremos de agarre pueden tener
cualquier forma siempre y cuando se adapten a las mordazas de la máquina de tensión. La
longitud paralela (Lc) siempre debe ser mayor que la longitud calibrada inicial (Lo).
6.2 TIPOS
Los principales tipos de probetas de ensayo están definidos en los anexos A-D de acuerdo con la 
forma y tipo de producto, como se indica en la Tabla 2. Se pueden especificar otros tipos de
probetas en las normas de producto o por acuerdo.
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Tabla 2. Tipos de producto
6.3 PREPARACIÓN DE PROBETAS PARA ENSAYO
Las probeta de ensayo se deben tomar y preparar de acuerdo con los requerimientos de las
normas  para los diferentes materiales (EU 18, etc).
7. DETERMINACIÓN DEL ÁREA DE LA SECCIÓN TRANSVERSAL INICIAL (So)
El área de la sección transversal inicial se calcula a partir de  medidas de las dimensiones
requeridas.  La precisión de estos cálculos depende de la naturaleza y del tipo de la probeta de
ensayo. Esta se indica en los anexos A a D para los diferentes tipos de probetas de ensayo.
8. MARCADO DE LA LONGITUD CALIBRADA INICIAL  (Lo)
Cada extremo de la longitud calibrada inicial se debe marcar por medio de marcas finas o puntos, pero no 
por medio de indentaciones que puedan producir fracturas prematuras (véase el numeral 11.2).
Para probetas proporcionales, el valor calculado de la longitud calibrada puede aproximarse al
múltiplo de 5 mm más cercano, cuidando que la diferencia entre la longitud calibrada calculada y 
la marcada sea menor del 10 % de Lo. La longitud calibrada inicial se debe marcar con una
precisión de ± 1 %
Si la longitud paralela (Lc) es mucho mayor que la longitud calibrada inicial, como por ejemplo en
probetas de ensayo no maquinadas, se pueden marcar una serie de longitudes calibradas
traslapándolas, algunas de ellas se pueden extender hasta las mordazas.
En algunos casos puede ser útil marcarlas sobre la superficie de la probeta de ensayo, en una
línea paralela al eje longitudinal a lo largo de la cual se pueden colocar las marcas.
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9. PRECISIÓN DE LAS MÁQUINAS DE ENSAYO
Las máquinas de ensayo deben ser verificadas de acuerdo con la norma EN 10002-2 y deben
ser de grado 1 o mejor.
El extensómetro debe ser de Clase 1 (ISO/DIS 9513) para la determinación de los límites de
fluencia inferior y superior y resistencias de prueba (extensiones no proporcionales); para otras
características (con mayor extensión) se puede usar un extensómetro Clase 2 (ISO/DIS 9513).
10. CONDICIONES DEL ENSAYO
10.1 VELOCIDAD DE LA MÁQUINA
10.1.1 Generalidades
A menos que se especifique lo contrario, en la norma del producto, la velocidad de la máquina
debe ajustarse a los siguientes requerimientos, que dependen de la naturaleza del material.
Nota. En el caso especial del zinc, la velocidad de deformación debe ser de (12,5 ± 5) % por minuto.
10.1.2 Límite de Fluencia y resistencia de prueba
10.1.2.1  Límite de fluencia superior (ReH).  Dentro del campo elástico y hasta el límite de fluencia 
superior la velocidad de separación de las mordazas de la máquina debe mantenerse constante, 
hasta donde sea posible, y dentro de los límites correspondientes a las velocidades para
aplicación de los esfuerzos indicadas en la Tabla 3.
Tabla 3. Velocidades de esfuerzos
Módulo de elasticidad del material 
N/mm²
Velocidad de aplicación de esfuerzos 
N/mm² . S-1
mín. máx.
< 150 000 2 10
≥ 150 000 6 30
10.1.2.2  Límite de fluencia inferior (ReL). Si se va a determinar solamente el límite de fluencia
inferior, la velocidad de aplicación del esfuerzos durante la cedencia de la longitud paralela de la
probeta de ensayo debe estar entre 0,000 25/seg. y 0,002 5/seg.  La tasa de esfuerzos se debe
mantener constante, hasta donde sea posible. Si esta velocidad no se puede regular
directamente, se debe fijar por regulación de la velocidad de esfuerzos justamente antes de
empezar la fluencia, los controles de la máquina no se deben ajustar hasta completar la
cedencia.
En ningún caso la velocidad de aplicación de esfuerzos en el campo elástico debe exceder las
velocidades máximas dadas en la Tabla 3.
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10.1.2.3  Límites de fluencia Superior e Inferior (ReH y ReL). Si los 2 límites de fluencia son
determinados durante el mismo ensayo, las condiciones para determinarlos deben cumplir con
(véase el numeral 10.1.1.2).
10.1.2.4 Resistencia de prueba, extensión no proporcional y resistencia de prueba, extensión
total (Rp y Rt).  La velocidad de aplicación de esfuerzos debe estar entre los límites dados en la
Tabla 3.  En el campo plástico y hasta la resistencia de prueba (extensión no proporcional o
extensión total) la velocidad de aplicación de esfuerzos no debe exceder de 0,002 5/seg.
10.1.3 Resistencia a la tracción (Rm)
10.1.3.1  En el campo plástico.  La velocidad de aplicación de esfuerzos en la longitud paralela no 
debe exceder de 0,008/seg.
10.1.3.2  En el campo elástico.  Si el ensayo no incluye la determinación del esfuerzo de fluencia 
(o esfuerzo de prueba) la velocidad de la máquina puede alcanzar el máximo permitido en el
campo plástico.
10.2 MÉTODO DE AGARRE
Las probetas de ensayo se deben adaptar por medios tales como cuñas, roscas, resaltes,
mandíbulas hidráulicas, etc.
Cada adaptación se debe hacer  hasta asegurar que las probetas de ensayo estén agarradas  de 
tal manera que la fuerza se aplique tan axialmente como sea posible.  Esto es de particular
importancia cuando se ensayan materiales frágiles o cuando se vayan a determinar esfuerzos de 
prueba (extensión no proporcional) o esfuerzos de prueba (extensión total) o límite de fluencia.
11. DETERMINACIÓN DEL PORCENTAJE DE ELONGACIÓN DESPUÉS DE LA ROTURA (A)
11.1 El porcentaje de elongación después de la rotura debe ser determinado de acuerdo con la 
definición dada en el numeral 4.4.2.
Para este propósito, los 2 pedazos rotos de la probeta de ensayo se deben ajustar
cuidadosamente de tal manera que sus ejes permanezcan en una línea recta.
Se deben tomar precauciones especiales para asegurar un contacto apropiado entre las partes
rotas de la probeta de ensayo cuando se vaya a medir la longitud calibrada final. Esto es
particularmente importante en el caso de probetas de ensayo de sección transversal pequeña y
probetas de ensayo que tengan valores de elongación bajos.
La  elongación  después  de  la rotura (Lu-Lo) se debe determinar a un valor lo más próximo a
0,25 mm utilizando un aparato de medida con una resolución de 0,1 mm, y los valores de los
porcentajes de elongación después de la rotura se deben redondear o aproximar al 0,5 %. Si el
porcentaje de elongación mínimo especificado es menor del 5 %, se recomienda tomar
precauciones especiales para determinarlo.
Esta medición es en principio válida solamente si la distancia entre la fractura (rotura) y la marca
más cercada no es menor que una tercera parte de la longitud calibrada inicial (Lo). Sin embargo, 
la medición es válida independientemente  de la posición de la rotura, si el porcentaje de
elongación después de la rotura alcanza como mínimo el valor especificado y este se debe
informar en el reporte o certificado del ensayo.
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11.2 Para máquinas con capacidad de medir el alargamiento a la rotura usando un
extensómetro, no es necesario marcar las longitudes calibradas. La elongación es medida como
el alargamiento total a la rotura, y por consiguiente es necesario deducir la extensión elástica con 
el fin de obtener el porcentaje de elongación después de la fractura.
En principio, esta medición es válida solamente si la fractura ocurre dentro de la longitud
calibrada (Le).  La medición es válida en cuanto a la posición de la sección transversal fracturada 
si el porcentaje de elongación  después de la rotura al menos alcanza el valor especificado y este 
se debe informar en el certificado del ensayo.
Nota. Si el proceso especifica la determinación del porcentaje de elongación después de la rotura para una longitud
dada, la longitud calibrada se debe tomar igual a esa longitud.
11.3 Si la norma del producto lo permite, la elongación se puede medir sobre una longitud fija
dada y convertida a una longitud calibrada proporcional usando fórmulas de conversión o tablas
acordadas antes de empezar el ensayo (por ejemplo ISO 2566-1 o ISO 2566-2).
Nota. Las comparaciones de porcentajes de elongación son posibles solo cuando la longitud calibrada, el perfil y el área 
de la sección transversal son las mismas, o cuando el coeficiente de proporcionalidad (K) es el mismo.
11.4 Con el objeto de evitar el rechazo de probetas de ensayo en las cuales puede ocurrir la
fractura por fuera de los límites especificados en el numeral 11.1, se puede usar el método
basado en la subdivisión de (Lo) en N partes iguales, tal como se describe en el Anexo E.
12. DETERMINACIÓN DE RESISTENCIA DE PRUEBA (extensión no proporcional) (Rp)
12.1 La resistencia de prueba (extensión no proporcional) se determinada a partir del diagrama 
fuerza / deformación trazando una línea paralela a la parte recta de la curva y a una distancia de
esta equivalente al porcentaje no proporcional prescrito, por ejemplo 0,2 %. El punto en el cual
esta línea intersecta a la curva da la fuerza correspondiente a la resistencia de prueba deseada
(extensión no proporcional). Se obtiene con más precisión, dividiendo esta fuerza por el área de
la sección transversal inicial de la probeta de ensayo (So). (Véase la Figura 3).
Para este caso es esencial un trazado correcto del diagrama fuerza/deformación.
Si la parte recta del diagrama fuerza/deformación no está claramente definida, y no se puede
trazar la línea paralela con suficiente precisión, se recomienda el siguiente procedimiento (véase 
la Figura 6).
Cuando se presume que la resistencia de prueba  se ha excedido, la fuerza se reduce a un valor 
igual al 10 % de la fuerza obtenida.  La fuerza se incrementa de nuevo hasta exceder el valor
obtenido originalmente.  Para determinar la resistencia de prueba deseada, se traza una línea a
través del bucle de histéresis. Se traza una línea  paralela esta,  a una distancia de la curva
original medida a lo largo de la abcisa, igual al porcentaje no proporcional prescrito. La
intersección de esta línea paralela y la curva fuerza/deformación da el esfuerzo correspondiente a 
la resistencia de prueba. Se puede obtener con más precisión dividiendo esta fuerza por el área
de la sección transversal inicial  de la probeta de ensayo (So) (Véase la Figura 6).
12.2 Las propiedades se pueden obtener sin dibujar la curva fuerza/deformación, mediante el
uso de equipos automáticos (microprocesador, etc.).
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Figura 6. Resistencia de  prueba, alargamiento no proporcional (Rp)
(Véase el numeral 12.1)
13. DETERMINACIÓN DE LA RESISTENCIA DE PRUEBA (extensión total) (Rt)
13.1 La resistencia de ensayo (extensión total) se determina con ayuda del diagrama
esfuerzo/deformación trazando  una línea paralela al eje de la ordenada (eje de esfuerzos) y a
una distancia de ésta equivalente al porcentaje de alargamiento total prescrito.  El punto en el
cual esta línea que intersecta la curva del esfuerzo, corresponde a la resistencia de prueba
deseada.
Se puede obtener con más precisión dividiendo este esfuerzo por el área de la sección
transversal inicial de la probeta de ensayo (So). (Véase la Figura 4).
13.2 Las propiedades se pueden obtener sin dibujar el diagrama esfuerzo/deformación,
usando equipos automáticos.
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14. MÉTODO DE VERIFICACIÓN DE LA RESISTENCIA DE DEFORMACIÓN
PERMANENTE (Rt)
Cuando la probeta de ensayo está sometida a cargas durante 10 s a 12 s correspondientes al
esfuerzo especificado y éste se confirma, después de quitar la carga, la deformación permanente 
o la elongación no es más que el porcentaje especificado para la longitud calibrada inicial.
Nota. Véase la Tabla 1 para la explicación de los números de referencia
Figura 7. Límite de fluencia inferior (ReL)
Nota. Véase la Tabla 1 para la explicación de los números de referencia
Figura 8. Fuerza máxima (Fm)
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15. CERTIFICADO DE ENSAYOS
El certificado de ensayos debe contener, como mínimo, la siguiente información:
- Referencia a ésta norma (NTC 2);
- Identificación de la probeta de ensayo;
- Naturaleza del material, si se conoce;
- Tipo de probeta de ensayo;
- Localización y dirección del muestreo de las probetas de ensayo; y,
- Medidas características y resultados.
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Anexo A
Tipos de probetas de ensayo para productos delgados: láminas,
flejes y productos planos 0,1 mm y 3,0 mm de espesor
(Este anexo forma parte integral de la norma)
Para productos con espesor menor de 0,5 mm, es necesario tener precauciones especiales.
A.1 FORMA DE LA PROBETA
Generalmente, la probeta tiene los extremos para sujetarse a las mordazas con extremos más
anchos que su sección paralela. La longitud paralela (Lc) que se une con los extremos de la
probeta debe terminar por medio de curvas de transición con un radio de por lo menos 12 mm
(véase la Figura 9). El  ancho de estos extremos debe ser por lo menos de 20 mm y de no más
de 40 mm.
La probeta también puede ser una platina de lados paralelos.
Para productos cuyo ancho es menor o igual a 20 mm, el ancho de la probeta puede ser el
mismo del producto.
A.2 DIMENSIONES DE LA PROBETA
A.2.1 Probetas no proporcionales
La longitud paralela no debe ser inferior de Lo + b/2. En caso de desacuerdo, siempre se debe
usar una longitud de Lo + 2b a menos que el material sea insuficiente. 
En caso de probetas de lados paralelos de menos de 20 mm de ancho, y a menos que la norma
del producto especifique otra cosa, la longitud calibrada inicial (Lo) debe ser igual a 50 mm. Para
este tipo de probetas, la longitud libre entre las mordazas debe ser igual a Lo + 3b.
Existen dos tipos de probetas no-proporcionales cuyas dimensiones se establecen en la Tabla 4.
Cuando se determinan las dimensiones de las probetas, se aplican las tolerancias  dadas en la
Tabla 5.
En el caso en que las probetas sean del mismo ancho del producto, el área inicial de la sección
transversal (So) se puede calcular con base en las dimensiones medidas del material a ensayar.
Se puede tomar como ancho nominal de la probeta el que resulte del maquinado con sus
tolerancias, siempre y cuando cumpla las tolerancias de forma que se dan en la Tabla 5, con el
fin de tener la medida del ancho de la probeta para efectos del ensayo.
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A.2.2 Probetas proporcionales
Para probetas cuyos tamaños están definidos en el numeral A.2.1 se puede tomar la longitud
calibrada inicial (Lo) proporcional al área transversal inicial (So) utilizando una de las siguientes
relaciones:
Lo = 5,65 √So
Lo = 11,3 √So
Tabla 4. Dimensiones de las probetas
Dimensiones en milímetros








libre entre las 
mordazas para 












A.3 PREPARACIÓN DE LAS PROBETAS
Las probetas se deben preparar de tal manera que no afecten las propiedades del metal. Si
algunas áreas se han endurecido por efectos de corte o prensado, se deben eliminar por
maquinado.
Para materiales muy delgados, se recomienda que las piezas del mismo ancho se corten
ensambladas formando un paquete con separadores intermedios de papel. Se recomienda que
cada paquete se ensamble con sujetadores a cada lado antes del maquinado para darle las
dimensiones finales a las probetas.
A.4 DETERMINACIÓN DEL ÁREA DE LA SECCIÓN TRANSVERSAL INICIAL (So)
El área de la sección transversal inicial se calcula a partir de las medidas de las dimensiones de
la probeta.
El error en la determinación del área de la sección transversal inicial de la probeta no debe ser
mayor de ± 2 % . La mayor parte de este error generalmente se debe a la medición del espesor
de la probeta, el error en la medición del ancho no debe ser mayor de ± 0,2 % 
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Tabla 5. Tolerancias en el ancho de las probetas
Dimensiones y tolerancias en milímetros





12,5 ± 0,09  ± 0,04
20  ± 0,10 ± 0,05
1) Estas tolerancias se aplican si el valor nominal del área de la sección transversal inicial (So) se incluye en el
cálculo sin necesidad de medir su valor.
Nota. Véase la Tabla 1 para la explicación de los números referenciados
Figura 9. Probetas maquinados de sección transversal rectangular 
(véase el Anexo A)
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Anexo B.
Tipos de probetas usadas para alambres, barras y perfiles
de diámetro o espesor inferior a 4 mm
(Este anexo forma parte integral de la norma)
B.1 FORMA DE LA PROBETA
La probeta generalmente es de una parte no maquinada del producto (véase la Figura 10).
B.2 DIMENSIONES DE LA PROBETA
La longitud calibrada inicial (Lo) debe ser de 200 mm ± 2 mm ó 100 ± 1 mm o 11,3 √So
(1) para
productos cuyo diámetro sea mayor o igual a 1 milímetro. La distancia entre mordazas de la
máquina debe ser por lo menos igual a Lo + 50 mm, excepto cuando se trata de alambres de
diámetro pequeño en los que esta distancia puede ser igual a Lo.
Nota.  En casos cuando el porcentaje de elongación después de la rotura no se determina, se debe usar una distancia 
entre mordazas de por lo menos 50 mm.
Notas:
1) La forma de la cabeza de la probeta se da solamente a manera de guía
2) Véase la Tabla 1 para la explicación de los números de referencia
Figura 10. Probetas que comprenden una porción no maquinada del producto (Véase el Anexo B)
_____________________
1) El requisito expuesto en el numeral 6.6.1 no es aplicable en este caso.
NORMA TÉCNICA COLOMBIANA NTC 2 (Tercera actualización)
21
B.3 PREPARACIÓN DE LAS PROBETAS
Si el producto se suministra en rollos, se debe tener cuidado al enderezar la probeta.
B.4 DETERMINACIÓN DEL ÁREA TRANSVERSAL INICIAL (So)
El área de la sección inicial de la probeta (So) se debe medir con una precisión de ± 1 %.
Para productos de sección circular, el área de la de la sección transversal inicial se calcula por
métodos aritméticos, promediando dos mediciones tomadas en dos direcciones perpendiculares.
El área de la sección transversal inicial se puede determinar a partir del peso de una longitud
conocida y de su densidad.
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Anexo C
Tipos de probetas usadas para láminas, productos planos de espesor
igual o mayor de 3 mm, y alambres, barras y secciones de diámetro
o espesor mayor de 4 mm
(Este anexo forma parte integral de la norma)
C.1 FORMA DE LAS PROBETAS
Generalmente la probeta es maquinada y la longitud paralela debe rematarse con un radio de
transición en los extremos, que deben tener una forma adecuada para agarrarse a las mordazas 
de la máquina de ensayo (véase la Figura 11).
El radio de transición debe tener por lo menos:
- 2 mm para probetas cilíndricas; y,
- 12 mm para probetas de sección transversal rectangular.
Nota: Para ciertos materiales, estos valores pueden ser muy bajos, y por consiguiente pueden producir la fractura en el 
área de transición.
Si es necesario, los perfiles, las barras etc., se pueden ensayar sin necesidad de maquinado.
La sección transversal de la probeta  puede ser circular, cuadrada rectangular o, en casos
especiales, de cualquier forma.
Para piezas de sección transversal rectangular, se recomienda que no excedan de una relación
de 8:1 entre el ancho y el espesor de la probeta.
Generalmente, el diámetro en la longitud paralela de las probetas cilíndricas maquinadas no debe 
ser inferior de 4 mm. 
C.2 DIMENSIONES DE LA PROBETA
C.2.1 Longitud paralela de la probeta maquinada
La longitud paralela (Lc) debe ser por lo menos igual a:
a) Lo + d/2  para probetas de sección circular
b) Lo + 1,5 √So  para probetas de sección prismática.
En  caso  de  desacuerdo  y  dependiendo  del tipo de probeta, se deben  utilizar las longitudes
Lo + 2d  o  Lo + 1,5 √So, a menos que el material sea insuficiente.
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C.2.2 Longitud de la probeta sin maquinar
La longitud libre entre las mordazas de la máquina debe ser adecuada de acuerdo con la
distancia entre las marcas y tener una distancia razonable entre estas mordazas.
Notas:
1) La forma de las cabezas de la probeta se dan solamente a manera de guía
2) Véase la Tabla 1 para la explicación de los números de referencia
Figura 11. Probetas de ensayo proporcionales (véase el Anexo C)
C.2.3 Longitud calibrada inicial (Lo)
C.2.3.1  Probetas proporcionales. Como regla general, las probetas proporcionales se utilizan
cuando la longitud calibrada inicial (Lo) se relaciona con el área inicial de la sección transversal
(So) por medio de la ecuación:
Lo = k √So
Donde k es igual a 5,65 lo que da Lo = 5d para el caso de probetas de sección transversal
circular.
Las probetas de sección transversal circular preferiblemente deben tener las dimensiones dadas
en la Tabla 6.
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fijación de la 
probeta
 en principio:   Lt > 
Lc + 2d
C.2.3.2  Probetas no-proporcionales. Las probetas no-proporcionales se pueden usar si se
especifican en la norma del producto.
C.3 PREPARACIÓN DE LAS PROBETAS
Las tolerancias  en  las  dimensiones  transversales  de  las probetas maquinadas se dan en la
Tabla 7.
A continuación se da un ejemplo de la aplicación de estas tolerancias.
a) Tolerancias de maquinado
Si el valor nominal del área de la sección transversal inicial (So) se incluye en el
cálculo sin haberla medido, se toma el valor de la Tabla 7, por ejemplo ± 0,075
mm para un diámetro nominal de 10 mm, significa que el diámetro de la probeta
debe variar dentro de los siguientes valores:
10 + 0,075 = 10,075 mm
10 - 0,075 = 9,925 mm
b) Tolerancias de forma
El valor dado en la Tabla 7 significa que, para probetas con un diámetro nominal
de 10 mm que satisfacen las condiciones de maquinado dadas anteriormente,
deben presentar una desviación que entre el mayor y el menor valor del diámetro
medido no exceda de 0,04 mm 
Por consiguiente, si el diámetro mínimo de esta probeta es 9,99 mm, su diámetro
máximo no debe ser mayor de 
9,99 + 0,04 = 10,03 mm
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C.4 DETERMINACIÓN DEL ÁREA TRANSVERSAL (So)
El diámetro nominal puede usarse para calcular el área transversal de la sección inicial de las
probetas de sección circular que cumplen las tolerancias dadas en la Tabla 7. Para todas las
otras formas de probetas, la sección transversal inicial se debe calcular a partir de mediciones de 
las dimensiones requeridas, con un error que no exceda de ± 0,5 % en cada dimensión.
Tabla 7. Tolerancias relacionadas con las dimensiones transversales de las probetas
Dimensiones y tolerancias en milímetros
Designación Dimensión transversal 
nominal
Tolerancia de 
maquinado en la 
dimensión nominal
Tolerancia de forma 
Diámetro de maquinado de 



















de probetas de sección 
rectangular maquinadas
por todos sus cuatro lados
Las mismas tolerancias que las probetas de sección 
circular
Dimensiones transversales 
de probetas de sección 
rectangular maquinadas 

















Notas de la Tabla 7.
1) Estas tolerancias se aplican si el valor nominal del área transversal de la sección inicial (So) se incluye en el
cálculo sin medir la probeta.
2) La desviación máxima entre las mediciones de una dimensión transversal especificada a lo largo de la longitud 
paralela (Lc) de la probeta.
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Anexo D
Tipos de probetas de ensayo para tubos
(Este anexo forma parte integral de la norma)
D.1 FORMA DE LAS PROBETAS
La probeta puede ser ya sea de una parte de un tubo o de una tira (fleje) cortada(o) longitudinal o 
transversalmente a partir de un tubo que sea del mismo espesor de la pared el tubo (véanse las
Figuras 12 y 13), o una probeta de la sección circular maquinada a partir de la pared del tubo.
Las probetas maquinadas transversales, longitudinales y de sección transversal circular se
describen en  el anexo A para tubos de pared inferior a 3 mm y en el anexo C para tubos de
pared igual o mayor a 3 mm. La tira longitudinal generalmente se usa solamente para tubos cuyo 
espesor de pared es mayor de 0,5 mm. Para ensayos que se realizan en tiras tomadas de tubos 
soldados, a menos que se especifique otra cosa en la norma del producto, la tira se debe cortar
de un sitio lejos de la unión soldada.
D.2 DIMENSIONES DE LAS PROBETAS
D.2.1 Longitud del tubo
Para que pueda ser asegurada por las mordazas en los extremos, la longitud del tubo debe ser
tal que permita:
a) Asegurarlo con pasadores de diámetro apropiado;
b) o asegurarse con dos láminas planas adaptadas a su diámetro, y luego
aplastarlas;
c) o por aplastamiento.
Las opciones b) y c) solamente se pueden aplicar en tubos de 25 mm o menos. En caso de
desacuerdo, solamente se puede usar la opción a).
Los pasadores o láminas deben tener un ancho por lo menos igual al de las mordazas y puede
proyectarse más allá de las mordazas para tener una longitud igual al diámetro externo del tubo.
Dentro de esta área, la forma de los pasadores o sellos no deben tener ningún efecto sobre la
deformación en la longitud calibrada. 
La longitud libre entre un pasador o el sello plano y la marca calibrada de la parte más cerrada
debe ser mayor de D/4; en caso de desacuerdo esta longitud debe ser acordada entre las partes.
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D.2.2 Tira transversal o longitudinal
La longitud paralela (Lc) de las tiras longitudinales no debe aplanarse pero los extremos que se
sujetan a las mordazas pueden aplanarse con las mordazas en la máquina de ensayo.
Las dimensiones de las probetas transversales o longitudinales, además de las que se dan en los 
anexos A y C pueden estar especificadas en la norma del producto.
Se deben tomar precauciones especiales cuando se trabajen probetas transversales.
D.2.3 Sección transversal circular maquinada de una pared de un tubo
El muestreo de las probetas debe estar especificado en la norma del producto.
D.3 Determinación del área de la sección transversal inicial (So)
El área de la sección transversal inicial de la probeta se debe calcular con una precisión de ± 1 %
El área de la sección transversal inicial de una longitud dada de tubo, o una tira longitudinal o
transversal se pueden determinar a partir de la masa de la probeta, de su longitud, y de su
densidad.
El área de la sección transversal inicial (So) de la probeta se toma sobre una tira longitudinal o
transversal y se calcula de acuerdo con la siguiente ecuación:
So = (b/4) (D²-b²)
 ½  + D²/4 arc sen b/D
- (b/4) [(D-2a)² -b²]½
- (D-2a/2)² arc sen (b/D-2a)
Donde:
a, es el espesor de la pared del tubo;
b, es el promedio del ancho de la tira; y,
D, es el diámetro externo
Se puede utilizar la siguiente ecuación simplificada para probetas longitudinales o transversales:
cuando b/D < 0,25  So = ab[ 1 + b²/6D(D-2a)]
cuando b/D < 0,17  So = ab
En el caso de un tubo el área de la sección transversal inicial (So) se puede calcular así:
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Nota. Véase la Tabla 1 para la explicación de los números de referencia
Figura 12. Probetas que comprenden una longitud de tubo (Véase el Anexo D)
So = 3,1416 a (D-a)
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Notas:
1) La forma de las cabezas de la probeta se da solamente como guía
2) Véase la Tabla 1 para la explicación de los números de referencia
Figura 13. Probeta cortada de un tubo (Véase el Anexo D)
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Anexo E
Medición del porcentaje de elongación después de la rotura,
con base en la subdivisión de la longitud calibrada inicial.
(Este anexo forma parte integral de la norma)
Por acuerdo, cuando sea necesario rechazar probetas que no cumplan con la posición de la
rotura de acuerdo con las condiciones de 11.1, se pueden usar los siguientes métodos:
a) Antes del ensayo, subdividir la longitud calibrada inicial Lo en N partes iguales;
b) Después del ensayo, usar el símbolo X para marcar la pieza más corta y el
símbolo Y para marcar las divisiones mostradas en la  pieza más larga (cuando la 
distancia de la pieza más larga a partir de la fractura está más cerca a la distancia 
de la fractura de la marca X).
Si n es el número de intervalos entre X y Y, la elongación después de la fractura
se determina así
1) Si N-n es un número par (véase la Figura 14a), se mide la distancia entre
X y Y y la distancia desde Y a la graduación marcada Z localizada en
(N-n)/2
intervalos más allá de Y,
se calcula el porcentaje de elongación después de la rotura usando la
ecuación
A =[(XY + 2YZ - Lo)/Lo] x 100
Si N-n es un número impar (véase la Figura 14b), se mide la distancia
entre X y Y y la distancia desde Y hasta la graduación marcada Z' y Z"
localizadas respectivamente en
(N- n -1)/2    y    (N - n + 1)/2
intervalos más allá de Y;
se calcula el porcentaje de elongación usando la ecuación:
A = [(XY + YZ' + YZ" - Lo)/Lo] x 100
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Nota. La forma de las cabezas de las probetas se proporcionan solo como una guía
Figura 14. Ejemplo de medición de la elongación después de fractura
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